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INTRODUCTION 
The Marine Science Institute has been studying the Anclote 
River Estuary on the West Central Coast of Florida near the town 
of Tarpon Springs since September of 1970. As conceived the Anclote 
Environmental Project was unique in its scope and depth of coverage 
and represented a landmark effort by industry and the scientific 
c ommunity in jointly confronting a problem of vital concern to all. 
The initial success of this venture can be appreciated by the detail 
and scope of scientific information herein presented and by the 
changes in design and construction of the power generating facilities 
resulting from recommendations made through this project (Humm et al., 
1971) . 
Concerning the ultimate objectives of this study as previously 
outlined (op. cit.) considerable progress has been made. This is 
particularly true as regards a detailed description of the environ-
ment prior to plant construction and operation. Valuable back-
ground data now exists in a variety of areas particularly studies 
of seagrasses, water quality, suspended sediments and turbidity , 
f ishes, luminescent bacteria, and general physical characteristics. 
Studies in progress but not extensively treated here include: 
sediment analysis, seagrass and other primary production, plankton 
abundan ce and distribution, numerical dispersion models for con-
cent rations of heat, salinity and suspended sediments, ecological 
and biomass studies of the benthic invertebrates and fishes of 
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Anclote Anchorage. In addition, information has been successfully 
applied to pre-construction plant design to minimize environmental 
impact. This has come through specific recommendations (op. cit.) 
and by means of technical reports requested by Florida Power 
Corporation (see Appendix A for titles). Major changes in fuel 
delivery systems, dredging, outfall design, and thermal discharge 
characteristics have resulted. 
The sub-discipline reports which follow represent a consider-
able body of data on the Anclote environment. In general the 
results provide additional support for many of the conclusions 
stated or implied in the Annual Report for 1970 (op. cit.). 
The considerable diversity and complexity of the Anclote estuary 
and Anchorage including the major role of the grassbeds is now 
documented in some detail. The overall results also support 
previous recommendations concerning power plant construction and 
design (op. cit.). 
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A. GEOLOGICAL 
Thomas E. Pyle 
John McCarthy 
Casey Jones 
Richard Clingan 
James Feigl 
Donald Eggimann 
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GEOLOGICAL 
During 1971, the work of the geological group in the Anclote 
estuary was concentrated in three study areas: turbidity and 
suspended sediments as determined by means of a transmissometer and 
water sampling; distribution of seagrass beds and the patterns of 
river discharge and sediment transport by means of aerial photo-
graphy; distribution and nature of bottom sediments through the 
analysis of core and grab samples. In addition, there was coopera-
tive work with other disciplines whose problems are closely related 
to sedimentology: physical oceanography, water quality, and benthic 
organisms. 
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I. TURBIDITY AND SUSPENDED SEDIMENTS 
Introduction 
From June through December 1971 transmissometer surveys, 
supplemented by water sampling for suspended sediments, continued 
to be conducted in Anclote Anchorage and the immediate vicinity. 
These surveys were part of an effort to determine the natural 
distribution and variation of turbidity prior to dredging of proposed 
intake and discharge canals for Florida Power Corporation's Anclote 
power plant. 
These surveys differ from prior ones (Anclote Environmental 
Project Annual Report, 1971; Anclote Environmental Project, Progress 
Report, July 1971) in that the transmissometer employed can use 
either a 10 centimeter or 1 meter light path as opposed to the fixed 
one meter path-length of the instrument used previously. The ability 
to switch to a shorter path length allows measurement of higher values 
of light attenuation. The useful range of alpha measurement is 
extended from 0.1 to 2.6 meter- l for the one meter unit to 1 to 26 
-1 
meter for the 10 cm instrument. In addition, the new Hydro 
Products 612 transmissometer allows higher precision in measurement 
than the earlier model due to the addition of temperature compen-
sating circuitry and a collimated light beam. 
Figures lA through 7A graphically depict the range and distri-
bution of observed sea surface (approximately 0-1 ft.) transmissivity 
5 
during seven representative surveys completed with the new 612 
transmissometer system. The 10 cm light path was deploye d in all 
transects and the resultant measurements were uniformly contoure d 
at 10%T/ 10cm intervals. 
Field Observations 
July 8, 1971. (0847-1420 E.S.T.) Figure lAo 
Tides 
H - 1106 E.S.T. 
L - 1823 E.S.T. 
Currents 
Max Flood 
Slack (H) 
Max Ebb 
0850 E.S.T. 
1159 E.S.T. 
1502 E.S.T. 
In general, the water in Anclote Anchorage exhibited trans-
missivity between 45 and 60 %T/10cm, with the highest values to the 
north and paralleling the eastern shoreline. The existence of a 
tongue of more turbid (less than 50%T/10cm) water trending north-
northeast from channel markers 3 and 4 might be due to northerly 
movement of turbid water from the southern Anchorage during flood 
tide or to resuspension of unconsolidated bottom sediments by tidal 
action on the shoals and spoil deposits along the main channel. 
Low transmissivity (less than 40%T/10cm) was observed in the 
tidal channel south of Anclote Key. Highest transmissivity was 
found well offshore from Anclote Key. 
6 
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July 16, 1971. (0650-1210 E.S.T.) 
Tides 
H - 0524 E.S.T. 
L - 1243 E.S.T. 
Figure 2A. 
Slack (H) 
Max Ebb 
Slack (L) 
Currents 
0629 E.S.T. 
0932 E.S.T. 
1312 E.S.T. 
Transmissivity in Anclote Anchorage ranged from 50 to 
80%T/10cm with higher values characteristically in the north and 
paralleling the eastern shoreline. In this instance, optical 
transparency of the water over the grass beds adjacent to Bailey's 
Bluff was greater than that of the water seaward of Anclote Key. 
The most turbid water, with a transmissivity of 40 to 
50%T/10cm, was found adjacent to Anclote Key, over the shoal south 
of the key, and in a band trending eastward from this shoal toward 
Howard Park. 
July 21, 1971. (1130-1515 E.S.T.) 
Tides 
H - 1024 E.S.T. 
L - 1753 E.S.T. 
Figure 3A. 
Slack (H) 
Max Ebb 
Slack (L) 
Currents 
1123 E.S.T. 
1438 ELSLTL 
1756 E.S.T. 
Transmissivity in Anclote Anchorage ranged from 30 to 
70%T/10cm with large areas of 40 to 50%T/10cm. The highest values 
were observed adjacent to Bailey's Bluff and west of Anclote Key--
in both instances slightly greater than 70%T/10cm. Lowest trans-
7 
mission values were observed in the natural tidal channels immediately 
north and south of Anclote Key. 
A tongue of relatively low transmissivity water was observed 
over the shoal north of the dredged navigation channel and trending 
north toward marker 3 in the Anchorage. Similar tongues of low 
transmissivity water were observed during the surveys of July 8 and 
July 16. This phenomenon may be reflected in an IR Ektachrome aerial 
photograph of the same area taken February 5, 1972 (Figure llA). 
Another notable feature of this survey was a net lowering of 
transmissivity in the Anchorage of about 10 to 20%T/IOcm compared 
to the values obtained five days earlier on July 16. The "highly 
colored" water observed on July 21 suggests that this lower 
transmissivity may have been due to higher concentrations of 
phytoplankton. 
July 27, 1971. (1021-1515 E.S.T.) 
Tides 
H - 0917 E.S.T. 
L - 1500 E.S.T. 
Figure 4A. 
Slack (L) 
Max Flood 
Slack (H) 
Currents 
0953 E.S.T. 
1220 E.S.T. 
1541 E.S.T. 
The inshore values range from 40 to 60%T/IOcm which is about 
10%T/IOcm lower than the high values noted during the 16 July survey. 
The highest transmissivity (70%T/IOcm) was observed southwest of 
Anclote Key. This series of profiles showed the water over the 
grass flats paralleling the eastern shoreline adjacent to Bailey's 
8 
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Bluff to be unusually turbid, which may again be attributable to 
high concentrations of organic material and/or an increase in the 
plankton population. 
August 11, 1971. (09S0-1Sl0 E.S.T.) Figure SA. 
Tides Currents 
L - 0908 E.S.T. Slack (L) 0959 E.S.T. 
H - lSll E.S.T. Max Flood 1220 E.S.T. 
Slack (H) lS4l E.S.T. 
Transmissivity throughout most of the Anchorage ranged from 
40 to 50%T/10cm. The water offshore west of Anclote Key displayed 
low values of 3S to SO%T/10cm while highest values were observed 
over the grass flats in the vicinity of Bailey's Bluff. 
As noted in earlier surveys, a lower transmissivity water 
mass is located subparallel to the sparsely grassed shoals along 
the eastern shoreline of the Anchorage. This may be due to a 
high concentration of resuspended bottom materials due to strong 
thunderstorm activity immediately prior to these transects. 
The generally low levels of transmissivity encountered during 
this survey may be attributable to high phytoplankton production. 
Other data indicates that the summer peak of chlorophyll A and 
phaeophyton occurred during this month (see Section C, Water Quality). 
9 
October 2, 1971. (0725-1047 E.S.T.) Figure 6A. 
Tides 
L - 0359 E.S.T. 
H - 1008 E.S.T. 
L - 1623 E.S.T. 
Max Flood 
Slack (H) 
Currents 
0708 E.S.T. 
1017 E.S.T. 
Transmissivity in the Anchorage ranged between 60 and 
80%T/10cm. The lowest values (50 to 60%T/10cm) were observed in a 
plume of river water trending northwest toward Anchorage marker 3 
and bifurcating to the northeast subparallel to the eastern shoreline . 
This is the only survey between June and December of 1971 in 
which a "plume" from the Anclote River has been detectable with the 
transmissometer. It is probably due to a period of unusually high 
river discharge following rains in the Anclote drainage basin 
(see Physica.l (B) and Water Quality (C) sections for rainfall and 
river discharge data) during September. It is interesting to note 
that the plume appears to be following its original natural channel 
despite numerous man-made changes which would be expected to divert 
the flow to the west along the navigation channel. Northward and 
northwestward flow along these natural channels was corroborated by 
release of Rhodamine B dye during one of our regular mapping over-
flights on November 4, 1971. The configuration of the natural 
channels (between the river mouth and north marker 3) is shown in 
Figures lOA and l2A. 
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December 4, 1971. (0902-1202 E.S.T.) Figure 7A. 
Tides Currents 
L - 0705 E.S.T. Slack (L) 0747 E.S.T. 
H - 1406 E.S.T. Max Flood 1044 E.S.T. 
Slack (H) 1353 E.S.T. 
Transmissivity in the deeper water of the Anchorage ranged 
from 65 to 80+%T/IOcm. The highest values (>90%T/IOcm) were 
observed over the grass flats immediately adjacent to Bailey's 
Bluff. 
Water of lowest transmissivity (as low as 45%T/IOcm) was 
recorded around north marker 3. The low values must be the result 
of wave action on the shoal around marker 3 as the wind and 
seas were high in the Anchorage during the survey. 
Suspended Sediments 
Total suspended load (TSL) was measured by passing sea water 
through 0.8~ Millipore membranes and expressing the results as the 
weight of trapped material (in milligrams) per liter of water 
filtered. This parameter, measured in this way, appears to be a 
relatively poor indicator of physical processes in the Anclote 
area. Future surveys will use different filters and modified 
techniques in an effort to increase precision and hopefully 
improve correlations among this readily measured parameter and other 
environmental factors. 
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The data are presented in Table IA according to time of measure -
ment and in Table IIA according to the geographic areas defined in 
Figure 24A. Minimum TSL was measured in November, 1970 and maxi mum 
TSL was measured in August, 1971. The inorganic fraction average d 
approximately 70% of the TSL except during February, 1971. The 
data for TSL tabulated by geographic area show a positive correla-
tion between average TSL and number of measurements per area. 
Because these data have such a bias, the only reasonable comparisons 
that can be made are among areas II, III, IV, and VI which all have 
more than 20 measurements. Lowest average TSL is found in area VI 
which is the deeper water (>6') of Anclote Anchorage. Area II is 
the shallow water «6') grass beds between the Radar Station and 
Bailey's Bluff through which the discharge canal is planned to be 
dredged. Average TSL in this area is higher than in area VI, 
probably because of its shallowness, but is considerably lower than 
area III (patchy grass beds south of Anclote Marker 3) or area IV 
(river channel). 
Discussion of Field Observations 
The range of background transmissivity in the deeper water of 
Anclote Anchorage lies between 50 and BO%T/IOcm. Periods of unusual 
biologic activity and/or weather conditions, result in a net lowering 
of the optical quality of the water. The effects of biologic 
activity, probably in the form of high phytoplankton concentrations, 
were observed to lower transmissivity throughout the Anchorage by 
10 to 20%T/IOcm between July 21 and August 11, but the impact on 
12 
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Fig . 8A TRANSMISSIVITY vs nu (formazin std) 
Number 
of 
Date Stations 
10-31-70 21 
11-07-70 12 
I-' 
w 
01-26-71 1 
02-12-71 23 
03-04-71 1 
08-04-71 6 
TABLE IA 
Temporal Variations in Suspended Sediments 
Total Suspended Inorganic 
Number Load (m<,J/1) Fraction (%TSL) 
of ~ 
Measurements Ran9:e Avera9:e Ran9:e Avera9:e 
21 2.3-25.3 7.5 41. 8-86.2 62.0 
12 1. 8-5.9 3.6 71. 0-88. 9 79.4 
11 6.7-38.4 16.6 58.3-81. 2 75.7 
23 2.0-17.9 8.0 19.9-85.9 53.7 
10 9.6-15.8 12.2 
65 22.1-57.0 c9 52.1-94.7 74.1 
~ ;7') 
30 do 0 f/tA;7r. (~ I f; l Q C]r ct ( UD ar t;; /' ~ 4,.:f "( 
'1 i 
'1 
itf-· I 
Organic 
Fraction (%TSL) 
Ran9:e Avera9:e 
13.8-58.2 38.0\ 
11.1-29.0 20.6 
18.8-41. 7 24.3 
14.6-80.1 46.3 
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TABLE IIA 
Areal Variations in Suspended Sediments 
Total Suspended Inorganic Organic 
Number Number Load (mg/l) Fraction (%TSL) Fraction (%TSL) 
of of 
Area* Stations Measurements Range Average Range Average Range Average 
II 12 21 1.2-33.4 15.2 11. 0-86.2 40.4 13.8-89.0 59.6 
III 11 31 2.7-57.0 27.6 5.3-88.9 33.7 11.1-94.7 66.3 
I-' 
01:> IV 10 31 4.3-46.4 24.1 5.5-82.7 34.7 17.3-94.5 65.3 
V 4 4 2.1-7.1 4.9 55.2-67.8 60.7 32.2-44.8 39.3 
VI 15 25 0.3-38.4 1l.5 35.1-85.4 66.4 14.6-64.9 33.6 
VII 3 3 5.4-11. 2 7.3 62.2-77.9 67.5 22.1-37.8 32.5 
X 2 2 3.1-5.9 4.5 87.8 87.8 12.2 12.2 
XI 1 1 4.7 4.7 80.6 80.6 19.4 19.4 
XIII 3 12 4.1-15.8 11.0 71.0-78.8 74.9 21. 2-29.0 25.1 
* See Figure 24A. Areas excluded have no data points. 
offshore water outside Anclote Key was not apparent. The effects 
of storm activity can be of greater magnitude but normally affect 
only localized areas over shoals both shoreward and offshore of 
Anclote Key. An example of this condition is the higher turbidity which 
was observed over the shoal immediately north of the navigation 
channel and adjacent to Anchorage marker 3 on the surveys of 
August 11 and December 4. In both cases the transmissivity was 
20-30%T/10cm lower than background. 
In virtually all surveys, the most transparent water was 
observed over the grass flats adjacent to Bailey's Bluff (approximately 
70-90%T/10cm). The grass stand in this area is probably the best 
developed along the eastern shoreline of Anclote Anchorage and its 
stabilizing influence appears to be very important. In contrast, 
the sparsely vegetated to non-vegetated portions of the shoal south 
of marker 3 appear to be more easily disturbed by waves and tidal 
currents which keep the water in a more turbid state and, in turn, 
effectively hamper the growth of grasses at depths greater than a 
few feet. 
In addition to the area previously mentioned, high turbidity 
consistently occurs in the natural tidal passes north and south of 
Anclote Key . The periods of high turbidity at these locations are 
of short duration as currents reach a sufficient competency for 
sediment scour only during maximum ebb and flood and their effect 
soon dissipates. 
The Anclote River was observed to contribute water of little 
lower transmissivity than the Anchorage background during times of 
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normal to low discharge. However, as shown by the October 2 survey 
data, high discharge can contribute to a significant increase in 
turbidity (decrease of 10-15%T/IOcm) in the form of a plume trending 
north from the river mouth through its old natural channels. 
Information on the variation of turbidity with tidal stage 
is indicated by Figures lA-7A and the results of a special survey 
conducted on 4 August 1971 (see Geology Section IV). The figures 
suggest that a wedge of more turbid water moves north from the 
navigation channel toward Bailey's Bluff on a flood tide. This 
may be due to entrainment of particles by water passing over and 
around the spoil banks which line this channel. On ebb tide this 
more turbid water appears to move back toward the south and to be 
"replaced" to a certain extent by relatively clear water from the 
area north of Bailey's Bluff (Sand Bay). 
Discussion of Turbidity Standards and 
Measurement Techniques 
The American Public Health Association reference Standard 
Methods (1971 ed., pp. 349-350) defines turbidity as an expression 
of the optical property of water which causes light to be scattered 
and absorbed rather than transmitted in a straight line. The 
standard instrument for measurement of this property is the Jackson 
Candle Turbidimeter. The Jackson Turbidity Unit (JTU) is 
equivalent to a one ppm (1 mg/l) concentration of diatomaceous 
earth suspended in pure water. There are a number of limitations 
to the candle turbidimeter both in design and operational technique 
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(Hach, undated), consequently, alternative means for turbidity deter-
mination are believed to be necessary and desirable for the Anclote 
study and for environmental studies in general. 
Currently, the basis for standard calibration of turbidimeters 
is the Formazin Turbidity Unit (FTU). FTU standards are readily 
synthesized with high precision from Hydrazine Sulfate and 
Hexamethylene Tetramine (Standard Methods, 1971, ed., p. 351). 
A Formazin concentrate can be easily prepared and diluted volu-
metrically with distilled water to any desired FTU value for 
calibration purposes. 
Although instrument calibration is simplified as a result of 
adoption of the FTU standard, the problem of efficient and accurate 
measurement of turbidity in the field still exists. There are two 
basic approaches to instrumentation presently in use--nephelometers 
and absorptometers. In our turbidity study at Anclote, we employ 
both types of instrumentation as each has advantages and disadvantages. 
The relationship between the two instrument types currently being 
used is the subject of this portion of the report. 
Essentially, the Hydro Products Transmissometer utilized in 
the surveys is an absorptometer. Light is transmitted in a beam 
and collected by a photocell at the opposite end. The signal at 
the detector decreases with increasing turbidity. The upper limit 
of turbidity measurement depends on the path length which the 
light has traversed. The 10 cm path-length instrument now used 
at Anclote has an effective range of about 5 to 85 FTU (the 
alternate 100 cm path-length shows good response from about 0.5 
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to 7.0 FTU). Despite the disadvantage of a somewhat limited 
response range, the instrument is submersible and towable so 
that continuous measurements over large areas can be accomplished 
efficiently. The instrument is very useful in mapping turbidity 
distribution within the natural range encountered at Anclote (about 
2 to 30 FTU). 
If the transmissometer were deployed in close proximity to 
dredging operations, turbidity much higher than 50 FTU over a 30 
FTU background might approach or exceed the response range of the 
transmissometer with its shortest available path. In such a 
situation a nephelometer could be used to provide measurements with 
essentially linear response from 1 to 1000 FTU. The primary 
advantages of the nephelometer are a high upper limit of turbidity 
measurement and detection only of scattered light thereby allowing 
more precise prediction of suspended sediment load. The nephelometer 
which we use (Hach 2100A) also has the advantage of a direct read-
out in JTU. Its primary disadvantages are the requirement of discrete 
samples and excessive sample preparation time if large numbers are 
to be handled as in turbidity mapping surveys. Now that both 
instruments have been acquired, they will be used in a complementary 
fashion in future surveys--the transmissometer for mapping and the 
nephelometer for spot readings and mapping turbidities higher than 
50-70 FTU (lower than 5-2%T/IOcm). 
Correlation of one instrument reading against the other is 
simple under controlled conditions with specific suspensions 
composed of Formazin or clay particles. In the field, however, 
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tile relationship is expected to deviate somewhat due to water color 
effects. The nephelometer will be considered the most accurate of 
the two instruments as it has a more linear response and better 
approximates particle concentrations to the exclusion of dissolved 
color and refractive indices of suspended materials and medium. 
Figure lA shows the result of laboratory comparisons of the 
Hach turbidimeter (Model 2100A) and the Hydro Products transmisso-
meter (Model 612) with Formazin suspensions of varying concentrations. 
This is presented as a plot of %T/ 10cm versus JTU. The curve can 
be utilized to approximate equivalent JTU values for field data 
which is presented as % transmissivity per 10 cm. Additional 
examination of the curve illustrates the inadequacy of the trans-
missometer's sensitivity to turbidities greater than 60-70 JTU. 
Figure 9A is a composite of curves generated in the laboratory 
and plotted as % transmissivity versus mg/l concentration of prepared 
clay suspensions. Two clay types were used--Ca++ smectite and 
kaolinite. Both are found in Flo r ida and are probably present 
as an inorganic constituent of the suspended material in the Anclote 
area. 
Curves 1 and 2 of Figure 9A were obtained with the older Hydro 
Products model 412 transmissometer (100 ern path length) submerged 
in a swimming pool containing kaolin and smectite suspensions 
respectively. Curves 3 and 4 were similarly generated with the 
new model 612 transmissometer (10 cm light path) submerged in a 
large aquarium. 
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It should be noted that all surveys prior to June 1971 were 
made with the 412 model. Subsequent transmissometer surveys were 
and will continue to be made with the model 612 (10 cm) unit exclusively. 
To approximate a conversion of model 412 %T/IOOcm to an equivalent 
model 612 %T/IOcm, one can compare %T values on curves 1 and 3 or 
2 and 4 at a given clay concentration. 
A number of trends are indicated by the curves. First, there 
exists a net positive shift in %T for a given concentration of 
smectite as compared to kaolinite. This illustrates the importance 
of particle type and/or size on the magnitude of the optical property 
being measured. The kaolinite plot for the 612 transrnissometer 
(curve 3) very closely approximates the 612 Forrnazin curve in Figure 
lAo This might lead one to expect that this relationship would 
also hold for curve 1, enabling one to directly approximate the 
%T/lOOcrn to JTU relationship for the 412 transmissometer by using 
mg/l kaolinite concentration and Formazin concentration inter-
changeably. 
Natural total particulate concentrations encountered at Anclote 
plotted against transmissivity will in general fall between the 
kaolinite and smectite curves for the respective instrument model. 
Further refinement of the relationship between mass and optical 
properties is unlikely due to the number and magnitude of variables 
involved in the natural system being investigated. 
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ANClOTE ANCHORAGE 
II. AERIAL PHOTOGRAPHY 
Methods 
An efficient and inexpensive method for obtaining 35 mm aerial 
photographs of shallow, tropical or sub-tropical estuaries has been 
employed by the Marine Science Institute in the study of the Anclote 
area. Similar methods were developed by Kelly and Conrad (1967) 
to supplement high altitude and orbital photography of a similar 
environment in the Bahamas. In the Anclote study photography has 
primarily been used to map seagrass beds and other bottom features 
(see Figure lOA). Aerial observations have also been helpful in 
gaining a synoptic view of the distribution of turbidity and water 
color in various water masses, as a guide to sampling strategy and, 
on one occasion, to observe the flow pattern of Rhodamine dye 
released prior to the flight. 
The advantages and effectiveness of using a 35 mm SLR camera 
for this kind of work are discussed by Zsilinszky (1968). An 
outlay of approximately $20.00 is needed to outfit a standard 35 mm 
camera for aerial work. The accessories include a skylight filter 
for eliminating haze, a polarizing filter for minimizing sea surface 
reflections, and a Wratten 12 filter required for use with the 
film. A wide angle lens is recommended, however, a 50 mm lens 
can also be used. 
The film which proved most successful for our purposes was 
Infrared Ektachrome (IE 135). This film is inexpensive, is 
easily obtained, and can usually be processed in one day. 
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The planes used for overflights were Cessna 150's or 172's 
having high wings. These planes can be rented by the hour with 
the services of a pilot for approximately $30.00. The door on 
the passenger's side should be removed to increase the field of 
vision and to allow vertical shots. The best water penetration 
was achieved when the camera was held as near to the vertical as 
possible. 
To minimize the effect of glare when shooting the film at the 
recommended ASA of 100, the lens setting should be stopped down 
one stop from the normal light meter reading. When purchasing 
IE 135 film, it is recommended that the expiration date be looked 
at carefully and that only fresh film be used. The film should 
be stored in a refrigerator until ready for use. 
Strandberg's recommendation that photographs be taken one 
hour and forty minutes after sunrise and no later than 9:00 a.m. 
was adhered to and proved most satisfactory (Strandberg, 1967). 
Weather conditions should be considered before final plans 
are made. The seas should be calm for at least two days prior 
to flight to ensure low water turbidity for seagrass mapping 
purposes. On the day of the flight the cloud cover should be 
minimal to enable maximum available light penetration. The 
importance of tidal stage depends on the purpose of the flight. 
Low tides are obviously preferred for mapping bottom features. 
It may be difficult to satisfy all criteria for perfect photography 
(low tide at 1 3/4 hours after sunrise on a clear day without 
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high winds) but reference to the Tide Tables and a knowledge of 
local weather patterns can alleviate some of the uncertainties. 
Results 
Seagrass Beds. Figure lOA depicts the extent of seagrass beds 
in Anclote Anchorage and the northern part of St. Joseph's Sound 
at r~e present time. The map is based on interpretation of aerial 
photographs from the following sources: 
1) U. S. Department of Agriculture, photo taken February 14, 1970; 
2) Florida Power Corporation, photo taken March 11, 1971; 
3) Pinellas County Engineer's Office, 4 photos taken 
January 22, 1971; 
4) Marine Science Institute, collection of photos taken 
between March 1971 and December 1971. 
This version of the map does not differentiate areas of 
predominance of individual seagrass species. However, it will serve 
as a base for plotting such information gained from direct sampling 
and, in the future, will allow extrapolation to unsampled areas. 
The map will also serve as a base for notation of bottom sediment 
types and will help integrate studies of sediment-organism relation-
ships. In its present form the map does portray the perceptible 
limits of the seagrass community and allows better estimation of 
the area involved than we have previously been able to make. 
The USDA and FPC photographs collectively formed the base map on 
which the grass beds were located, and from which the outer sparse 
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grass margin was inferred. The MSI photographs were most useful 
in mapping the emergent shoreline, the dense grass margin, and 
the limits o f tidal channels or other depre ssions. The additional 
ph o tographs were used for reference and comparison. 
The MSI aerial photographs were taken with Kodachrome and 
Infrare d Ektachrome film at elevations ranging from 3000-5000 
f eet, approximately 1 1/2 hours after sunrise. In each case the 
vi s ibility was good and the tidal height was at very low water 
enabling a visual identification of the grass margins in most 
instances. 
The outer dense grass margin is well defined in the Anchorage 
f rom Howard Park northward to a point approximately one mile wes t 
of Bailey's Bluff, where visual identification became very 
di f ficult. From this point northward, a relatively linear margin 
has been inferred from benthic sampling along this boundary. The 
outer spars e grass margin was similarly defined by sampling where 
it was not visually recognizable in the photographs. It must be 
noted, however, that the actual margin may curve westward and that 
the margin inferred from the photographs may be a reflection of 
depth, turbidity and/or water color rather than an indication of 
the oute r grass margin. The inner grass margin is in most cases 
the boundary between the emergent shoreline and the grass beds, 
although at times a portion of the grass community is exposed in 
the mouth of the river outside the channel. 
The total area encompassed by the seagrass community in 
the are a mapped has been computed as follows: 
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South of the Tidal Channel 
West of the Radar Station 
(exclusive of the Keys) 
North of the Radar Station 
to Bailey's Bluff 
East of Anclote Key and 
North Anclote Key 
Total Area of the Seagrass 
Community 
Area in ft2 
5.05 x 107 
2.93 x 107 
2.93 x 10 7 
2.88 x 107 
8 1.302 x 10 
Area in m2 
4.49 x 106 
6 2.72 x 10 
6 2.72 x 10 
2.67 x 106 
1.209 x 107 
This figure was obtained by dividing the map into a network 
of geometrical units, by calculating the area within each unit 
and estimating the grass covered proportion of each. Converting 
the map scaled quantity to actual scale,* an equivalent area for 
the grass community was determined. This figure is not intended 
to imply a high degree of accuracy, but rather to approximate the 
area in question. Without an intensive survey of the grasses, 
greater accuracy is not possible because of patchiness and our 
limited knowledge of the outer margins, especially in the area 
west of Bailey's Bluff. 
Furthermore, the projection itself is not without distortion. 
Whenever possible , overhead photographs were used in mapping the 
topography and grass beds to minimize parallax. Even so, any 
peripheral distortion inherent in the photographs was carried 
over onto the illustration. 
* One square inch on the map is approximately equivalent to 1 x 106 
square feet or 9.29 x 104 square meters on the ground. 
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Water Masses and Flow Patterns. Figure llA is an example of 
the information that aerial photography on Infrared Ektachrome 
film can provide regarding the distribution of estuarine water 
masses (the locations of Figures llA-14A are shown on Figure 15A). 
Apparently more turbid water occupies the northern part of Anclote 
Anchorage (left side of photo). This water is separated by a foam 
line from a body of water that is less turbid or differently 
colored (center and right center). The distinction between turbidity 
and color is difficult to make here and would be critical to 
determining whether this darker colored area represents open Gulf 
water or Anclote River water. Simultaneous overflight and sea-
surface surveys are required to determine the true nature of this 
water-mass boundary. Attempts to organize such surveys have thus 
far been foiled by weather or logistics problems. 
Figure 12A shows the natural channels extending from the 
mouth of the river northwestward to north marker 3. Their 
resemblance to river meanders, ox-bows, etc., suggests that they 
mark the natural direction of flow of Anclote River water prior 
to dredging of the navigation channel. The fact that they are 
evident thirty years later suggests that they are still partially 
active. The small gap in the submerged spoil bank on the north 
side of the navigation channel and the washover fan (white area 
in lower left) tend to confirm this deduction. In addition, 
a release of Rhodamine dye (at marker 17 on November 4, 1971) 
in conjuction with aerial observation showed surface water 
flowing northward through these gaps even though winds were blowing 
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from the north at speeds greater than 20 knots. A detailed study 
of tidal heights should be made to test the hypothesis that this 
flow pattern is due to tidal phase differences between the north 
and south ends of Anclote Key. This observation is obviously 
pertinent to the problem of thermal re-circulation under the 
proposal that water flow through the plant be reversed from that 
now plm1ned (see Physical Oceanography Section (B». 
Dredging and Seagrasses. Figure l3A is an IRE photograph o f 
the Fred Howard Park area approximately 2 miles south of the site 
of the Anclote generating plant. The photo shows seagrass beds 
adjacent to the Park's causeway which was built by dredging and 
filling in 1966 . Less dense seagrass beds are found seaward of 
the beach face whe r e wave energy is higher. Beach erosion has 
become severe enough here that the Pinellas County Engineer's 
Office has initiated a special study of the problem and emplaced 
an additional groin at the middle of the beach in an attempt to 
slow the erosion. 
The darkest areas with scalloped boundaries are deep holes 
("borrow pits") from which material was dredged to construct the 
causeway and beach. These appear devoid of grasses. Although grass 
beds can be seen very close to the causeway, we do not know if they 
are more or less dense than they were prior to construction. We 
may tentatively suggest that seagrasses can survive a dredging 
operation or recolonize a dredged area if the combination of waves, 
currents, and sediment grain size does not lead to continual, long 
term re-suspension of bottom materials. If sediment grains are 
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large enough or heavy enough so that they are not repeatedly eroded 
and deposited under the prevailing conditions of water currents and 
wave action, the photographs show that grasses can exist in close 
proximity to features such as the causeway known to have been 
produced by filling. Under higher energy conditions, such as 
prevail along the bathing beach (western end) of Howard Park, such 
construction appears to be detrimental to grass beds. An additional 
loss of grass beds comes from the digging of holes deep enough to 
place the bottom beneath the euphotic zone prevailing under give n 
conditions of solar input and turbidity. 
Barrier Island Growth. Figure 14A is an IRE photograph 
showing the present configuration of the north end of Anclote Key 
and the adjacent north Anclote Keys. The progression from youngest 
sand spit at the north to oldest at the south is accompanied by a 
progression from shore grasses and low shrub to Australian pines 
to palm trees in probable order of colonization. The north end 
of Anclote Key shown on all available charts of the area lies at 
the very bottom of the photograph. All additional growth of the 
island has occurred since 1953, the date of the last known survey. 
Darker blue areas in the photo which generally trend east-
west are interpreted as old tidal channels abandoned as sand moved 
northward to build the succession of bars and shoals. The origin 
of the unusually shaped depression halfway between Dutchman Key 
and north Anclote Keys is unknown. Other photographs show 
transverse (north-south trending) grooves in the bottom of this 
depression, suggesting that it may be the result of side-to-side 
movement of the cutting h e ad of a dredge. 
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I I I. BO'l"fOM SEDIMENTS 
Methods 
Sediments collected from the Anclote area for size analysis 
are wet sieved through a 62 micron sieve. The fines are collected 
in a 1000 ml graduated cylinder for subsequent pipette analysis; 
the coarse fraction is put through a nest of sieves of graded size 
down to 62 micron mesh. The sieve nest is placed on a Ro-Tap machine 
and shaken mechanically for 10 minutes. 
After the analysis, the sample was characterized by a listing 
of weight percent in the various size fractions. The size classi-
fications by millimeters and microns was then translated into the 
phi (¢) scale size classification. 
A frequency curve was obtained by plotting cumulative weight 
percent of size fractions against phi size on probability graph 
paper. From this graph, the diameters represented by various 
cumulative percentages were read and used in the appropriate 
formulas for determining the desired statistical measure of grain-
size distribution. 
The statistical parameters chosen are in wide use in the 
literature. The formulas used are those given by Folk (1968). 
Median diameter. This is the diameter corresponding to the 
50% mark on the cumulative curve and is here expressed in ¢ units. 
Half of the particles, by weight, are coarser than the median 
and half are finer. 
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Graphic Mean Diameter. Given by the formula (¢16 + ¢50 + ¢84) / 3, 
it is superior to the median because the use of three points gives 
a bette r overall picture of the grain-size distribution. 
Sorting Coefficient (Inclusive Graphic Standard Deviation) . 
This parameter includes 90% of the distribution of the sample and 
give s the best available measure of sorting of the sample. 
Sorting is determined by the formula: 
¢84 - ¢16 
4 
+ ¢95 - ¢5 
6.6 
(For our records, the sorting coefficient range is related to a 
single digit numb e r for data-processing purposes) . 
1 Very well sorted «0.35¢) 
2 Well sorted (0.35-0.50¢) 
3 Moderately well sorted (0.50-0.71¢) 
4 Moderately sorted (0.71-1. O¢) 
5 Poorly sorted (1.0-2.0{6) 
6 Very poorly sorted (2.0-4.0¢) 
7 Extremely poorly sorted (>4.0¢) 
Inclusive Graphic Skewness. Skewness measures the degree of 
asymmetry of the frequency curve. The sign of the (skewness) number 
indicates whether it is asymmetrical in the direction of coarse or 
fine sediments. It is determined by the formula: 
¢16 + ¢84 - 2¢50 
2({684 - ¢16) 
+ ¢5 + ¢95 - 2¢50 
2 (¢95 - ¢5) 
The skewness range is also converted to a single digit number for 
data processing purposes. 
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1 Strongly fine-skewed (+1. 00 to +0.30) 
2 Fine-skewed (+0.30 to +0.10) 
3 Near-symmetrical (+0.10 to -0.10) 
4 Coarse-skewed (-0.10 to -0.30) 
5 Strongly coarse-skewed (-0.30 to -1. 00) 
Graphic Kurtosis. A normal Gaussian probability curve would 
plot as a straight line on probability graph paper. Kurtosis measures 
the deviation of the actual curve from the theoretical straight line. 
Although no list of sediment statis ti ca l parameters is considered 
truly complete without it, no complete investigation has ever 
been made of the selective processes which determine how its value 
is related to the geological environment. It is determined by 
the formula: 
¢95 - ¢5 
2.44(¢75 - ¢25) 
Once again the kurtosis ranges have been converted to single digit 
numbers. 
1 Very platykurtic «0.67) 
2 = Platykurtic (0.67-0.90) 
3 = Mesokurtic (0.90-1.11) 
4 Leptokurtic (1.11-1.50) 
5 Very leptokurtic (1.50-3.00) 
6 Extremely leptokurtic ( > 3.00) 
Texture. Folk (1954) defined fifteen major textural classi-
fications depending on the weight percentages of gravel (parti c le s 
larger than 2.00 mm), sand, and the ratio of sand to mud (particles 
less than 62 microns--silt and clay). For sediments essentially 
lacking gravel, greater subdivision is available (Figure 16A). 
Each textural class is given a numerical designation. 
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Sediments near Anclote Key 
The sediments found on the shoals north and south of Anclote 
Key and along the Gulf side of the Key are well-sorted to very-well 
sorted medium to fine sands (Table IlIA). Shell fragments larger 
than 2.00 mm comprise less than one percent of the samples, while 
silt and clay together make up less than ten percent. The only 
exception to this pattern is one sample taken at grid location 
17248. This material is a very poorly-sorted muddy sandy shell. 
It is believed that this sample was obtained from the trough 
between two longshore sand bars known to be present off the 
northwest end of the Key, and is somewhat atypical of the area. 
Samples taken off-shore of the beach along the Gulf side of 
Anclote Key are similar to the beach sands on the Key. The 
samples are clean well-sorted to very well-sorted medium sands. 
About half of the samples are clean sands, the other half contain 
1 to 5 percent shell fragments in the gravel size range (larger 
than 2.00 mm) placing them in the "slightly shelly sand" textural 
classification. 
The natural channels at either end of Anclote Key contain 
poorly-sorted to very poorly-sorted medium sandy shell. The 
largest grains in these samples are measured in terms of inches 
but they also contain up to fifteen percent mud (silt + clay). 
Behind the Key and inside the Anchorage, the sediments are 
also poorly-sorted, but here they are fine-skewed. They contain 
five percent to twenty percent mud, but little or no shell of 
gravel size. Samples from these locations frequently have consider-
able amounts of very fine organic material. 
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TABLE IIlA 
Grain-size data for samples near Anc10te Key 
Shoal area south of the south end of Anc10te Key: 
Grid Median Mean Sorting Skewness Kurtosis 
Location -~ ~ Code Code Code 
(715-1M) 2.7 1.02 2 3 3 
07211 2.25 2.25 1 3 3 
08217 2.0 2.08 2 2 4 
08218 2.0 1.93 1 5 5 
08221 2.2 2.23 1 2 3 
08222 1.95 1.95 2 3 3 
09214 2.25 2.27 1 4 1 
09217 2.1 2.1 2 3 3 
10206 2.4 2.43 1 2 4 
Channel between shoal and south end of Key: 
10211 2.4 2.5 5 1 6 
10217-1 several large barnacle-encrusted shells 
10217-2 1. 35 0.68 6 4 4 
10217- 3 1.9 1. 9 1 3 4 
10224 2.5 2.52 5 2 6 
10214 1. 55 1.25 5 4 5 
Along the Gulf side of Anc10te Key: 
13237 2.35 2.35 1 3 3 
*17248 0.9 0.25 6 3 3 
15249 2.2 2.2 1 3 3 
Along the Anchorage side of Anc10te Key: 
15186 2.2 2.2 5 2 6 
11206 2.6 2.62 4 1 6 
Inside of the Anchorage: 
17176 2.4 3.63 6 1 5 
21166 213 213 5 3 6 
* The location suggests that this is in the deep area between the 2 sand bars 
off-shore at the north end of the Key. 
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Texture 
Code 
12 
12 
12 
12 
12 
12 
12 
12 
12 
14 
5 
12 
9 
5 
12 
3 
12 
8 
14 
9 
8 
TABLE IIIA Continued 
Grain-size data for samp les near Anclote Key 
Channel between the shoal and the north end of Anclote Key: 
Grid Median Mean Sorting Skewness Kurtosis Texture 
Location (¢) (¢) Code Code Code Code 
-----
20248 2.2 2.2 5 3 6 5 
21236-1 2.2 2.18 5 3 3 12 
21236-2 one large rock (5"x3 1/2"x2" ) encrusted with barnacles & bryozoa 
Sampl es from off-shore Gulf side of Anclote Key: 
15239 3.0 3.00 1 3 4 12 
15249 2.9 2.88 1 3 3 12 
15257 2.8 2.80 2 3 3 12 
15267 2.8 2.80 2 3 3 8 
15257 2.9 2.88 2 5 4 12 
17236 2.8 2.78 1 4 3 8 
17234 2.9 2.90 1 3 4 8 
17246 2.9 2.82 2 5 5 8 
17266 2.7 2.70 2 2 4 8 
17274 2.8 2.80 1 3 3 12 
Samples from shoal and channel area north of Acnlote Key: 
20 236 2.6 2.60 2 3 4 12 
20233 2.85 2.85 2 2 5 8 
21233 2.8 2.77 2 3 4 8 
22236 2.6 2.63 2 3 4 8 
22233 1.4 1. 22 5 3 3 5 
23239 2.65 2.63 2 3 3 12 
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Sediments near Proposed Discharge Canal 
A survey marker was placed at the water's edge in the area o f the 
scallop beds nortll of the radar station. One core was taken at this 
marker. Three additional cores were taken on a transect of 270 0 at 
SOO-foot intervals. The cores were obtained by hand-pushing 2" 
diameter PVC plastic piping into the sediment. 
Grid Location Length Recovered 
17071 
17083 
17082 
17081 
21 1/2" 
8 1/2" 
30 " 
29 " 
Upon return to the laboratory, the cores were split in half 
lengthwise. One-half was preserved intact for future reference. 
From the other half, samples for grain size analysis were removed. 
In the three longest cores, three samples were taken - the top inch, 
the bottom inch, and an inch from the mid-point. This latter sample 
was omitted in the 8 1/2" core. 
It must be pointed out that when the cores are pushed into the 
sediment some compaction of the material takes place, the amount 
being dependent upon a number of variables, especially the strength 
of the material. Upon removing the tube, the sedime nt is further 
disturbed. This is particularly true of hand-pushed coring methods. 
Therefo re, it is not possible to make straight-line depth c omparisons 
between c ores . Analyses indicate tre nds with increasing depth s ; 
statements of condi tions at absolute depths below the surface c annot 
be made. The data a re presented in Table lVA . 
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Size analyses indicate that the sediment in this area range 
from moderately well-sorted to poorly-sorted medium to coarse sands. 
The samples are nearly exclusively sand, containing small amounts of 
both shell fragments of gravel size and fines smaller than 62 microns. 
Organic material was present in amounts sufficient to give top and 
mid-sections of the cores a dark-brown to black color. (The amount 
necessary to produce such coloring is small; 0.5 percent by weight 
is probably sufficient to induce a black color. Pipette analysis 
indicates that the organic material present is, in fact, in this 
minimum range, probably ranging from about 0.1 to 0.5 weight percent.) 
The light color of the bottoms of the three longest cores suggests 
that organic material is not present or exists in only trace amounts. 
It was interesting to note that a number of samples contained 
unusually large quartz grains, some with diameters up to 2.00 mm. 
No quartz grains with diameters larger than 1.00 mm were found in 
surface grab samples from elsewhere in the Anchorage or on Anclote 
Key. 
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TABLE IVA 
Grain-size data for samples near discharge canal 
Grid Median Mean Sorting Skewness Kurtosis Texture 
Location (¢) ~ Code Code Code Code 
17071 - Inch 0-1 2.8 2.75 3 3 3 1 2 
17071 - Inch 10-11 2.3 2.12 4 1 3 8 
17071 - Inch 20 1/2-
21 1/2 2.85 2.83 5 2 5 1 4 
17083 - Inch 0-1 3.1 3.00 4 4 3 1 2 
17083 - Inch 7 1/2-
8 1/2 2.8 2.70 3 4 4 12 
17082 - Inch 0-1 2.6 2.57 3 4 3 1 2 
17082 - Inch 15-16 2.75 2.72 5 3 5 1 2 
17082 - Inch 29-30 2.6 2.58 4 3 4 12 
17081 - Inch 0-1 2.7 2.63 4 4 3 1 2 
17081 - Inch 11-12 2.85 2.83 3 3 4 12 
17081 - Inch 28-29 2.75 2.68 3 3 4 12 
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IV. SPECIAL SURVEY 
Introduction 
A special survey was conducted on August 4, 1971 to collect 
synoptic data for Anclote Anchorage, Anclote River, and the grass 
flat area along the eastern shoreline of the Anchorage under varying 
tidal conditions. Six stations were occupied (Figure 17A) at one-half 
to one hour intervals between 0730 and 1930 E.S.T. Transmissivity 
(%T/10cm), total suspended load (TSL), inorganic fraction (IOF) of 
TSL, salinity, temperature, current velocity, wind velocity, and 
nutrient data for each station are graphically shown on Figures 18A 
through 23A. Tidal data (from U.S.C. & G.S. tables) for the south 
end of Anclote Key and current data (from tables) for marker 1 
during the period of survey are given in the following table. 
Currents off Marker 1 
Stage Time Height Slack Max. Current 
L 0341 +2.2 0417 0650 
H 0930 +3.5 1029 1314 
L 1647 -0.9 (1753) 2014 
For ease of reference, data from each of the six stations are 
condensed in Table VA. 
Discussion 
On the basis of the summary data given in Table VA the six 
stations can justifiably be grouped on the basis of physical similari-
ties. General trends are described as follows: 
38 
TABLE VA 
Data from ~pecial survey of August 4 , 1971. 
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(C) GRASS FLATS 
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Anclote Anchorage - Stations 17-14-7 and 12-17-6. 
Temporal concordance existed for tidal stage while similar 
current magnitudes (0.7 to 0.9 kt, ebb) and direction prevailed at 
both stations. Turbidity maxima, corresponding to transmissivity 
minima, occurred at both stations between 1200 and 1400 E.S.T. (with 
peak at 1300). This was a one to two hour lag after maximum ebb 
currents. 
Salinity showed a minimum approximately at measured slack-low 
water (rather subtle at 17-14-7) indicating the effect of the Anclote 
River on both stations. Winds exhibited variation in direction and 
speed at station 17-14-7 during the afternoon when a shift was 
observed from north to west at other stations. The decrease in wind 
speed at this station from 1300-1500 hours may have been due to 
refraction of wind around Anclote Key. Correlation between wind 
speed and turbidity at both stations is not obvious except for 
one or two sampling times. This unexpected result may be due to 
moderate speeds prevailing during the survey and to the short 
length of time for which any wind direction was sustained. 
Mouth of Anclote River - Stations 14-12-9 and 13-08-7 
These two stations were also related by tidal current and 
stage chacteristics. Both stations showed long (4-5 hour) periods 
of continuous peak velocities during ebb (1200 to 1700). Current 
speeds at station 14-12-9 were generally about 1/2 kt lower than 
at station 13-08-7. Comparison of slack times with Anchorage stations 
indicates that the river mouth stations were approximately one hour 
behind Anchorage stations. 
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Neglecting the one "spuriously" high value recorded at station 
14-12-9 (57 mg/l TSL at 1200 E.S.T.), there was relatively little 
temporal variation in TSL at both stations. station 14-12-9 did 
show a peak in %T/IOcm roughly corresponding to slack high water 
(1100 E.S.T.) but a similar peak was not recorded at 13-08-7. 
At both stations there was a subtle progressive decrease in 
transmissivity throughout the long period of peak ebb currents 
(1200-1700 E.S.T.). There was also a trend toward higher %T/IOcm 
as slack low was approached (1800 E.S.T.). 
Salinity ranges (- 9 0/00) were much greater at these two 
stations than at the other four surveyed. The degree of change was 
probably more striking than usual on this date because of relatively 
high discharge of the Anclote River at this time. The correlation 
between wind and turbidity was not obvious at these stations. 
Grass Flats - Stations 16-10-8 and 19-07-9. 
Ebb current velocities were relatively low (0.6 to 0.2 kt at 
19-07-9 and 16-10-8, respectively) and in both cases measurements 
showed high variability. The latter was partially due to the 
inaccessability of the stations at low tide and to the inappropri-
ateness of vanes for current measurement in very shallow water over 
grass beds. Slack-low roughly corresponded to the Anchorage stations 
with respect to time. Times of peak TSL (1400 E.S.T. at 19-07-9 and 
1200 E.S.T. and 1700 E.S.T. at 16-10-8) roughly corresponded to 
times of measured maximum tidal currents and minimum %T/IOcm. Both 
stations characteristically exhibited stable salinities and were 
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apparently little affected by the Anclote River. Wind directio n 
appeared to relate to transmissivity variations at both stations 
with %T/lOcm de creasing as the winds s hifte d from the no rth to a 
more west;erly direction. This was no t completely verified by TSL 
at either station although TSL minimums corresponded to minimum 
wind velocities. 
Summary of Special Survey 
Salinity, tidal, and temperature data obtained by the geology 
group are discussed further in the physical oceanograp hy section. 
The nutrient data acquired at the same time are similarly e valuate d 
in the water quality section. 
Transmissivity and total suspended load were found to correspond 
best to tidal current speed during this survey. Because of the high 
"background" conditions due to preswned planktoni c activity during 
this period (see Section I-A, summary), TSL was unusually high 
(see Section I-B, Table lA), and %T/lOem was correspondingly low. 
This tended to obscure more subtle physical-turbidity relationships 
and severely limits further analysis of the present data. One interest-
ing trend of a subtle nature was noted and may be related to biologi c 
activity during the survey. This is the temporal dependence of 
%T/lOcm as a function of TSL. Transmissivity data of this study 
plotted against TSL roughly follow curve 4 of Figure 9A, section I-A. 
However, if only morning and early afternoon data (0800 to 1400 E.S.T.) 
are plotted, the relationship shifts to the right of curve 4. 
Conversely, late afternoon data exhibits a shift to the left of 
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this curve. In other words, TSL was relatively invariant while 
%T/IOcm or optical quality decreased throughout the afternoon. 
This phenomenon was apparent to a greater or lesser degree at all 
stations. A plausible explanation might be that the increased 
light attenuation is due to an increase in the concentration of 
organic compounds resulting from peak plankton activity (wastes and 
degradation products) with a negligible corresponding mass contri-
bution of filterable suspended material. 
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v. SUMMARY OF GEOLOGICAL STUDIES 
The geological group has made significant progress in three 
major areas: turbidity measurement; aerial photography techniques; 
and seagrass mapping. More routine efforts have contributed to 
providing baseline data on sediment types, turbidity levels, water 
quality parameters, and current patterns in Anclote Anchorage. 
In the area of turbidity measurement, the transmissometer has 
been made an even more versatile tool by Formazin calibrations 
relating % transmissivity to the Jackson Turbidity Unit of legal 
and engineering usage. Comparison of this information with 
calibrations using natural materials indicate exciting areas for 
future research. Other areas for future work are simultaneous 
comparisons of transmissivity with light scattering (Brice-
Phoenix Photometer), particle distribution (Coulter Counter), and 
water color (spectrophotometer) measurements. Efforts will also 
be made to roughly "calibrate" IR Ektrachrome film in terms of turbidity 
by taking transmissometer measurements and water samples in the 
settling pond on the plant site simultaneous with overflights. 
A number of aerial photographic techniques have been tried 
during the last year and a simple, economic, and efficient method 
has been developed to map and monitor major bottom community types 
in Anclote Anchorage. For the first time, a reliable map of the 
extent of seagrasses is available. The photography has also been 
of great value to other disciplines in planning sampling sites and 
strategy. 
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INTRODUCTION 
Most of the research emphasis by the physical group has 
centered around the development of a numerical circulation model 
which can be used to predict the circulation effects of man-
made alterations (channels, spoil banks, etc.) to the hydrology 
of the Anclote estuary and Anchorage. The same model will 
provide current vector inputs to a thermal dispersion model 
also under development. Calibration of a similar model has 
already been achieved at the Florida Power Corporation Crystal 
River plant (Klausewitz and Carder, 1971). 
Distributions of salinity and temperature have been used 
to imply circulation patterns as well as river runoff. 
Qualitative verification of the model is attempted by this 
technique, but quantitative model calibration still remains 
to be accomplished after the necessary meteorological, tidal, 
and buoyed current instrumentation becomes available. 
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RAINFALL AND ITS EFFECT ON THE SALINITY AND 
TEMPERATURE OF ANCLOTE ANCHORAGE 
Rainfall measurements for Tarpon Springs were taken at 
the Tarpon Springs municipal sewage treatment plant near U. S. 
highway Alternate 19. Figure lB shows rainfall trends which 
will be related to several other parameters throughout this 
report. The calendar year 1971 contained only two wet months, 
August and September, with an intermediate amount of rain falling 
in July. 
The salinity and temperature measurements discussed in 
this section were provided by the water quality group; their 
methods are discussed in Section C. Figure 2B is a graph of 
the monthly trends of sea surface salinity at three stations 
in the Anclote River estuary. Station 11 occurs at the Alternate 
19 bridge nearly three miles upstream from the river mouth 
(see Figure 6B). Station 30 is near the center of the Anchorage, 
and Station 49 is one-half mile west of Anclote Key. Since 
these data represent only one sample per month, daily and tidal 
perturbations from the monthly mean are inherent in them, but 
they are representative of seasonal trends since similar trends 
were exhibited by spatially averaged data for river, anchorage, 
and gulf stations. Also, most of this data was taken during 
flood stages of the tide, minimizing tidal effects on the data. 
The effect of increased rainfall on the surface salinity 
is most apparent at Station 11 in August and September. The 
time lag between rainfall and runoff can be observed by comparing 
47 
Figures IB and 2B. While the July rainfall was more than double 
that of June, it does not manifest itself in the river salinity 
data. This is partially due to the heavier rains falling pre-
dominantly in the latter half of July. Although October received 
little more rain than fell during a typical dry season month, 
the river salinities remained relatively low. These data suggest 
a lag between rainfall and river runoff of as much as three 
weeks. 
The effect of evaporation during the summer is apparent 
from a comparison of Figures 2B and 3B, the latter being a graph 
of monthly temperature trends from three estuary stations. The 
Gulf salinity (station 49) is predominantly affected by summer 
evaporation, with wet season runoff playing only a minor role. 
The effects of terrestrial evaporation and a low water table 
are also evident at Station 11 during May, June, and July when 
runoff decreased even though, if anything, there was an increase 
in rainfall. Ultimately the heavy rainfall during July, August, 
and September predominated over evaporation in affecting the 
runoff of the river. 
The temperature differences among the three stations in 
Figure 3B were not nearly as significant as were the salinity 
differences. The surface temperatures in the river and anchorage 
generally were higher than in the Gulf of Mexico. Solar radiation 
heats turbid, shallow water more rapidly than it does clear, 
deep water. During the spring and summer this trend was generally 
evident. Sudden temperature decreases, on the other hand, cool 
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shallow water more rapidly than deep water, which may expl a i n 
the water temperature trends in January, September, Oc t ober , 
and November. The high temperature of the Gulf (Station 49 ) 
in June appears to be anomalous and cannot be readily e xplained. 
In order to assess the vertical structure of salinity and 
temperature in the water column, bottom water samples were also 
taken at several of the stations (see Appendix Tables lC-BC). 
To graphically depict stations where a salinity wedge is most 
apparent, ratios of the bottom-to-surface temperatures and 
surface-to-bottom salinities were calculated and are plotted 
in Figures 4B and 5B. Temperature inversions were observed 
in the cold month of January at Stations 17 and 32 in the rive r 
and anchorage, respectively. Salinity wedges were strongest 
at Stations 13, 17, and 19 in the river and Stations 25, 32, 
and 39 in the anchorage. Station 25 is located at Channel 
Marker "3" where river effluent was observed during the rainy 
season (see Figure 7B). Station 39 is near Bailey's Bluff, 
suggesting that local runoff may be important there. Station 32 
is east of North Anclote Key at Marker "6" where high salinity 
water flawing through the channel north of North Anclote Key 
meets the river effluent found in the north anchorage area 
(see Figure 7B). 
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FLOW CHARACTERISTICS NEAR THE RIVER MOUTH 
Although their range of synopticity is never better than 
four hours, the surface salinity data obtained both during the 
rainy season and during the dry season show that a large portion 
of water of river origin ends up in the proposed thermal dis-
charges basin north of the river. Figures 6B, 7B, and BB 
illustrate this during the mid and late stages of flood tide, 
with Figure 9B indicating the same trend for late ebb - low 
tide conditions. The flow of river water to the north is also 
apparent from dye releases, nutrient data, synoptic current 
measurements, and a numerical model. Some current data, taken 
primarily during ebb tide by the geology group (see Section A) 
are listed in Table lB and indicate a net northward flow at 
Marker 9. This suggests that the water flow in the river is 
certainly not contained by its channel, and turbidity caused by 
dredging in the river will most definitely be swept northward 
over grass bed areas. 
Hourly current measurements were taken at three river 
stations over a thirteen hour period on August 4, 1971. Since 
the tidal ranges were 1.3' and 3.6' for flood and ebb tides 
respectively, the ebb current speeds generated on this day were 
representative of the higher tidal speeds expected for the 
Anclote River mouth. Table lB lists the current speeds and 
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TABLE IB 
Current speed and direction in Anclote River 
estuary (August 4, 1971) 
Marker No. 1 
Time Speed (ft./sec. ) Direction Depth (ft. ) 
0805 .54 360 0 01 
0835 .51 360 0 01 
0900 .00 01 
0925 .00 01 
0945 .39 225 0 01 
1030 .73 190 0 01 
1120 1.14 205 0 01 
1145 1. 05 230 0 01 
1210 1. 07 170 0 01 
1245 .73 190 0 01 
1345 .87 205 0 01 
1410 .94 195 0 01 
1445 .57 225 0 01 
1550 .92 210 0 01 
1615 .59 240 0 01 
1640 .73 270 0 01 
1715 .03 090 0 01 
1735 .03 090 0 01 
1800 .30 045 0 01 
1825 .88 010 0 01 
Marker No. 9 
0755 .81 120 0 01 
0830 .53 150 0 01 
0855 .56 315 0 01 
0920 .56 090 0 01 
0940 .16 150 0 01 
1025 .00 01 
1115 .00 01 
1140 .60 315 0 01 
1205 .95 280 0 01 
1240 1.03 295 0 01 
1340 1.01 270 0 01 
1404 1.14 270 0 01 
1434 1.15 260 0 01 
1500 1. 07 270 0 01 
1540 .99 290 0 01 
1610 1.03 270 0 01 
1630 1.07 270 0 01 
1710 1.07 270 0 01 
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Time 
1730 
l750 
1820 
0740 
0825 
0850 
0915 
0935 
1005 
1105 
1135 
1200 
1230 
1332 
1400 
1417 
1455 
1535 
1600 
1625 
l705 
1725 
1745 
1815 
TABLE 1B (continued) 
Speed (ft./sec.) 
1.07 
.50 
.00 
.78 
.75 
.66 
.59 
.47 
.37 
.00 
.55 
.88 
1. 03 
.57 
1. 30 
1.12 
1.07 
1.07 
1.03 
1.07 
1.07 
1.07 
.97 
.55 
Direction 
Marker No. 17 
120 0 
150 0 
1600 
140 0 
1400 
230 0 
315 0 
3000 
315 0 
310 0 
315 0 
300 0 
310 0 
325 0 
320 0 
330 0 
275 0 
330 0 
330 0 
340 0 
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Depth (ft.) 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
directions, while Table 2B denotes the tidal conditi o ns pred i c t ed 
by the Tide and Current Tables for the point 28°10'N latitude 
and 82°50'W longitude. The maxi mum speed in the r iver measured 
duroing flood tide was 0.81 ft /sec . (.48 kts.) at Marker 9 , whi l e 
the maximum during ebb tide was 1.3 ft/sec. (.77 kts.) at Marker 17. 
Separation of river flow from tidal current records is 
difficult without a long continuous current record. For this 
reason little river flow information can be deduced from 
Table lB. The U. S. Geological Survey does take stream flow 
measurements at Elfers (see Figure 2C). With the gauging 
station being several miles upstream from the river mouth, 
its records will be somewhat low, but the relative water flow 
trends will still be apparent as they are in Figure 2B. 
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" S lack Water" 
0417 
09 59 
1647 
2247 
TABLE 2B 
Predicted tidal conditions at 28°10'N -
B2°51'W on August 4, 1971 
(after USCGS Tide and Current Tables) 
Time Maximum Current Tidal 
Time Vel. (kts. ) Time 
0650 .42F 2324 
1302 . BBE 0341 
193B .57F 0930 
0138 .BOE 1647 
2354 
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Hei~ht 
Ht. (ft. ) 
2.8 
2.2 
3.5 
-.09 
2.9 
HYDRAULIC MODEL 
A hydraulic model developed by the Marine Science Institute 
for the project at Crystal River (Klausewitz, 1972) is being 
adapted to serve the Anclote project as well. The numerical 
tidal model uses equations developed by Hansen (1952) and Yuen 
(1967) and was originally automated by Mungall (1970). The 
chief advantage of the original version is the variable boundary 
capability. This allows the program to be readily adapted to 
a different area just as we have done in applying the model 
first to Crystal River and then to Anclote. The original program 
was developed, however, for large, deep fjords and was unable to 
deal with shallow embayments. To accomplish this, the basic 
program was modified to accommodate wind stress additions, mud 
flat run-on and run-off, and blockages such as oyster bars or 
spoil banks in the path of water flow. The program has been 
run to model the existing outfall basin at the Florida Power 
Crystal River Plant and is now in the final calibration and 
verification stages there. 
The output from the hydraulic model is recorded on magnetic 
tape as it is generated by the program. This tape is then input 
to the dispersion model using a unique program-mating scheme. 
The dispersion model operates through successive solutions of 
the finite difference equation for the change of concentration 
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of a substance with time through both diffusion (eddy mixing) 
and advection (velocity transport) . This model accounts for 
the natural sources and sinks of a non-conservative constituent 
(such as heat) and maintains a budget of transfer. This b udget 
(in the case of heat) is a product of astronomical and meteoro-
logical impacts on the local area. This model was developed 
entirely by the Marine Science Institute, University of South 
Florida, for prediction of the added thermal discharge from the 
nuclear facility at Crystal River. At Anclote the dispersion 
model will be run with no plant input to pattern pre-plant 
conditions, and then with plant operating to project both magni-
tude and location of the thermal plume. The model will then be 
enlarged by addition of the capability to model such non-
conservative constituents as dissolved oxygen, nutrients, water color, 
and turbidity. 
The data presented in this report shows the results of 
the model operating under the conditions described below: 
a. The input tide is a sinusoid of amplitude 1.6 feet 
and period 12.0 hours. This corresponds to a best 
estimate of the M (lunar semi-diurnal constituent--
2 
the largest tidal contributor) tide amplitude and period 
as extracted from plant recordings at Crystal River. 
The departure from the expected 12.42 hours is a local 
phenomenon which may not occur at the Anclote Anchorage 
area. Recordings of the actual tide at Anclote will be 
Fourier analyzed and synthesized for input to future runs. 
56 
b. Two tidal cycle s are run to damp basin oscillatio n s , 
and the third c ycle is us e d for output data. 
c. Wind velocities are neg ligible. 
d. Anclote River input is negligible. 
e. No flow crosses the northern and southern boundarie s. 
Figure lOB shows the ebb flow data prese nted in Anc l o t e 
Annual Report No. 1 (after Figure 6B, Humm et al., 19 71). Fi g u re lIB 
shows flow during a similar tidal phase on the computer model. 
The general flow patterns correspond well. Strong e bb fl o w 
occurs both north and south of the key complex. The f lows alo ng 
vertical grid column #1 9 in Figure lIB and the 82°50'W long itude l i ne in 
Figure lOB correspond well in the north and south. The fl ow 
north of the key is generally to the west only, whil e the flow 
in the south of the anchorage has a southern compone nt far below 
the south tip of the key. Figure 12B (after Figure 7B, Humm e t a l., 
1971) shows a later stage in ebb flow. Significantly , the "dead 
water line" or place where no north or south emptying curre nt flows 
lies on a line between Bailey's Bluff and North Anc l o te Key 
early in the ebb flow; it appea rs to move south to a line betwee n 
mid-Dutchman Key and the Union Tower, intersecting north channe l 
marker "B". Station 14A (Figure lOB) was t aken at 1129 while t he 
computer output would correspond to 1002, the time of maximum flow. 
In other words, the computer model shows the "dead water line" a t 
a point south of the measured line. It should be noted that 
August 8, 1970 had a tide with an excessive ebb flow. 
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Vector magnitude can be compared between plots by multiply-
ing field data in knots by 1.68 or model data in ft/sec by .59. 
Magnitudes are not expected t o compare favorably until accurate 
depths, friction factors, blockages, channels, and forcing function 
can be refined f or the Anc l o te application. 
Figur e 1 3B (afte r Figures 8B and 9B, respectively, Humm et 
a l., 1 9 71) and Fi<J ure 148 show early and late flood conditions 
respectively . l" i gurc 1 51l shows the computer model output at 
maximum flood flow. Note the "de ad water line" lies at the same 
jJlace , i n a l ine bet wee n mid-Dutchman Key and The Cabbage. The 
river flow (not yet incorporated into the model) may be the source 
o f water which moves the "dead water line" north as the rive r 
wa t e r flows northward. It should be noted here that according 
to c har t s made in 18 84 (USCGS, 1884) the ship channel as it now 
exists was not the origind l bed of the river, (it was in fact 
s hoal), and further, that the natural bed appears to the north-
west in approximately the same location where the north channel 
is now. The incoming tide then, may block the ship channel 
forcing the river to flow through its natural bed to the north. 
This would cause a phase lead in the southern anchorage versus 
the northe rn anchorage and move the "dead water line" to the 
north. Figure 6B shows surface salinity distribution at mid-
flood tide during a period of fairly high river flow. The 
f res h water is trapped in the area behind the key and forms an 
east-west horizontal band almost exactly across the "dead water 
line" of the model. Further, the filling process for the basin 
implied by the shape of the isohaline lines agrees well with the 
model vector outputs. 
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Figure 16B shows surface height distributions from the 
model at maximum flood flow. Comparing this to Figure 9B, which 
shows salinity distribution at high tide, the south-to-north 
filling mode of the greatest portion of the anchorage becomes 
obvious. A tongue of saline water extends up to north channel 
Marker "B", pushing fresher waters to the north. Water heights 
(Figure 16B) show that the Anchorage is filled predominantly 
from the south, and will meet the flow from the north somewhere 
between Markers "3" and "6" as is evidenced by field 
salinity data (Figure 8B) taken at high tide. Figure 17B is surface 
height distribution at maximum ebb flow from the model. Although 
the northern slow patterns are much like the opposite of flood, 
the southern patterns show pronounced abe rations around the mouth 
of the river. Although the river is not flowing here, the water 
stored in it during flood must drain out, and apparently it 
drains to the south. 
Figure 18B shows tidal range lines or total tidal change 
across the anchorage from minimum to maximum value of the 
forcing function. The high level of wave diffraction caused by 
the Anclote Key complex is evident and results in a higbly 
distorted standing wave across the anchorage. Maximum values of 
tidal range are found in the river indicating that even without 
fresh water flow this would be an area of 'fast moving currents. 
The remaining modeling work for the Anclote Project is far 
more encompassing. Production runs of both the hydraulic and 
dispersion models must be completed prior to plant turn-on. 
The hydraulic model will be run under conditions more closely 
paralleling the true conditions at Anclote Anchorage. 
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a. The input tide will be a Fourier composite wave of 
sufficient terms to duplicate the Anclote Anchorage 
tidal input to a tolerable error level. 
b. The second tidal cycle will be tested against third 
and fourth to see that transient oscillations have 
been completely damped out. 
c. Wind conditions will be varied to get a firm knowledge 
of their impact on flow. 
d. Anclote River flow will be varied to bracket the high 
and low measured flows. 
e. Actual current data will provide dynamic boundary 
conditions for the north and south boundaries. 
The hydraulic model will be verified and calibrated by 
phase and tidal range ratios at several points in the basin 
and by synoptic current studies throughout the basin. The 
north and south boundaries will be carefully studied by field 
current studies to best reproduce natural conditions with the 
model. Channels and spoil areas too small to be included in 
the grid will be incorporated by means of the "blockage" sub-
program developed by the Marine Science Institute to handle 
the oyster bars at Crystal River. The output will then be used 
in the dispersion model first to reproduce observed salinities, 
then to deal with the more difficult non-conservative constituents 
in the water. By combining the thermal and salinity distributions 
with those of nutrients and turbidity a model involving several 
parameters of potentially great significance in predicting biological 
effects will be developed for the Anclote estuary. 
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CONCLUSIONS 
The rainy season at Tarpon Springs for 1971 extended 
from July into October and manifested itself in reduced surface 
salinities in the Anchorage from August through November. 
The Anchorage fills predominantly from the W.-S.W. with 
river water flowing into the north basin (opposite Bailey's Bluff) 
primarily during flood tide. The latitude line 28° 12' closely 
approximates the convergence-divergence "dead water" line which 
separates that portion of the Anchorage being emptied and filled 
by north versus south flow around Anclote Key. 
The preliminary circulation model results qualitatively 
agree with circulation data from the Anchorage, but refinements 
need to be made to the bathymetry and friction coefficients, 
and sub-routines for handling blockages and channels need to 
be implemented. Finally, initial and boundary value meteorologi-
cal and tidal data need to be obtained for input and calibration 
of the model once our instrumentation needs are met. 
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INTRODUCTION 
In 1971 the Anclote water quality program was considerably 
expanded to give better coverage to those areas with a high 
probability of being significantly affected by power plant construc-
tion and operation. Forty-four (Figure lC) stations were sampled 
monthly to obtain seasonal data on water quality parameters in 
waters extending from Alternate 19 U. S. Highway Bridge to approxi-
mately 2 km west of Anclote Key. Additional stations were sampled 
quarterly to measure gradients of various parameters from the 
mouth to a point 22.5 km up river. Other surveys were conducted 
to obtain data on vari ations of nutrients over a tidal cycle at 
strategically located points near the river mouth and in the 
anchorage. 
In the following section, the methods of collection and 
analysis will be outlined, results of the survey programs 
discussed, and Anclote data compared to those for adjacent 
areas. 
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METHODS 
A. Collection and Preservation 
Samples for chemical and other analyses were taken using 
plastic Niskin water bottles. Surface samples were taken monthly 
and surface and bottom collections were made during the quarterly 
river and tidal cycle surveys. From January, 1971 to June, 1971, 
unpreserved samples were returned to the laboratory in St. 
Petersburg and filtered through glass fiber and membrane filters. 
A portion of the filtered water was used for immediate determina-
tion of salinity and water color while the remainder was stored 
frozen in 4 oz. nalgene bottles for subsequent chemical analyses. 
Particulate matter filtered from surface samples was used to 
assay for plant pigments. 
In JulY,197l, new field procedures were initiated to better 
preserve nutrient samples as it was felt that too much time 
elapsed between collection, filtration, and freezing. The 
modified procedure required placing samples on ice in plastic 
bottles containing mercuric chloride (40 mg/l). The samples 
were then brought to the Anclote field laboratory, filtered 
through glass fiber filters, and re-chilled. The samples 
were returned to the Marine Science Institute and nutrient 
analyses were made within 4 days of collection. 
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A study has been initiated to determine the effects of 
field and laboratory procedures on concentrations of nitrate and 
nitrite nitrogen and on orthophosphate-phosphorus. Preliminary 
analyses suggest that laboratory and field procedures result in 
a 10-15% decrease in phosphate and nitrate concentrations from 
original levels in samples. 
B. Analyses 
Concentrations of five nutrients were routinely determined 
in all samples with a two channel Technicon Autoanalyser II 
(AA II). Nitrate+nitrite and nitrite were run simultaneously 
as were reactive silicate and orthophosphate. Ammonia was deter-
mined separately. 
Nitrite was determined by an adaptation of the diazotization 
method described in Standard Methods (American Public Health, 1971). 
Under acidic conditions, nitrite ions react with sulfanilamide to 
yield a diazo compound which couples with N-l-naphthy-ethylene 
dihydrochloride to form a soluble dye which is measured colori-
metrically at a wavelength of 520 nm. 
The nitrate+nitrite method employs a copper-cadmium reduction 
column to convert nitrate to nitrite, with the resulting combined 
nitrite measured as above (Strickland et al., 1967). Nitrate N 
is calculated by subtracting nitrite N from nitrate+nitrite N. 
The automated procedure for determining ~eactivesilicate is 
based on the reduction of a silicomolybdate complex in acidic 
solution to "heteropoly blue" by ascorbic acid (Grassoff, 1965). 
Oxalic acid is introduced to the sample stream before addition 
66 
of ascorbic acid to eliminate interference from phosphates. The 
color intensity is measured at a wavelength of 660 nm. 
Orthophosphate is determined by its reaction with ammonium 
molybdate in an acidic medium to form a molybdophosphoric acid 
which is then reduced to a molybdenum blue complex by ascorbic 
acid (Murphy and Riley, 1962). A small amount of antimony tartrate 
is added to increase the sensitivity of the reaction. The color 
intensity is measured at a wavelength of 660 nm. 
The automated procedure for ammonia is based on the 
"Bertholet reaction" (Van Slyke and Hiller, 1933; O'Brien and 
Fiore, 1962). The formation of a colored compound, believed to 
be closely related to indophenol, occurs when the solution of 
ammonium salts is added to sodium phenoxide followed by the addi-
tion of sodium hypochlorite. A solution of potassium sodium 
tartrate and sodium citrate is added to eliminate the precipita-
tion of hydroxides of calcium and magnesium. Sodium nitroprusside 
is introduced to increase color intensity, which is measured at a 
wavelength of 660 nm. 
Many problems were encountered prior to satisfactory opera-
tion of the Technicon Autoanalyzer II system. Difficulties 
stemmed mainly from the wide range of nutrient concentrations in 
Anclote waters. Nutrient levels in the river can be an order of 
magnitude higher than those in the anchorage. Seasonal ranges 
are even greater. The Autoanalyzer II as received was incapable 
of analyses over these wide ranges, primarily because of inability 
to detect low concentrations. Cartridges for silicate Si and 
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orthophosphate P were designed for 0-10 ppm, with the limit of 
detection being 0.1 ppm. Silicate Si at Anclote ranged from 4.84-
0.001 ppm while orthophosphate P was in the range 0.640-0.001 ppm. 
Cartridges for nitrate+nitrite N and nitrite N were designed for 
0-1 ppm (limit of detection = 0.01 ppm) whereas concentrations at 
Anclote ranged from 3.1-0.0001 ppm and 0.0217-0.0001 ppm, 
respectively. The ammonia N cartridge was acceptable and used as 
received. However, there is possible contamination from atmospheric 
ammonia. 
By converting from 2 to 5 cm colorimeter cells, changing 
sizes of manifold tubings and reducing sampling rates to ?O 
samples per hour, most of the assay problems for these five 
nutrients were eliminated. Work is also progressing on the 
ammonia procedure to eliminate potential sources of contamina-
tion and in the coming year iron and hydrogen sulfide cartridges 
will be used. 
Dissolved organic carbon (DOC) was determined with a 
Beckman Total Carbon Analyzer Model 915. Filtered samples are 
treated at two temperatures: 150°C for inorganic carbon and 
950°C for total carbon. Both analyses are based on the conver-
sion of sample carbon to carbon dioxide, which is then measured 
by a non-dispersive infrared analyzer (Van Hall and Stenger, 1967). 
Dissolved organic carbon is the difference between the two 
analyses. The inorganic carbon channel of the instrument is 
standardized with solutions of sodium carbonate/sodium bicarbonate 
in CO 2 free water; Potassium biphthalate is used to standardize 
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total carbon channel. Fifty ppm is used for full scale deflec-
tion on both channels, allowing a reproducibility of ~ 0.5 ppm. 
As with the Autoanalyzer II, the carbon analyzer had to be 
adapted to our particular needs. Because of the salt in most 
samples, there was corrosion in the stainless steel column, 
fittings, and lines. After considerable modification, the 
analyzer now has a minimum of "down" time and gives little 
variability in replicate samples. 
For chlorophyll analyses, 1-1.5 liters of water were passed 
through filters which were then rinsed with magnesium carbonate. 
Pigments were extracted in 5 mlacetone for 20-24 hours under 
refrigeration in the dark and optical densities of the extracts 
were read at 750 nm and 665 nm in a one cm cell with a Hitacbi 
Perkin-Elmer 139 spectrophotometer. Calculations of pigment 
concentrations were made using Lorenzen's equations (Strickland 
and Parsons, 1968). 
Water color was measured in a 10 cm cell at 400 nm (-750 rom 
turbidity blank) with a Hitachi spectrophotometer. Salinity 
determinations were made with a Beckman induction salinometer 
using Copenhagen sea water as a standard. Dissolved oxygen was 
determined in the field on quarterly river surveys with a YSI 
Model 54 oxygen meter. This instrument was calibrated in the 
lab against standard Winkler titrations of oxygen saturated sea 
water. 
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RESULTS 
Seasonal Trends 
Meteorological and hydrographic trends in 1971 for Anclote 
and adjacent areas are presented in Figure 2C. Insolation was 
minimum in December and January increased to a maximum in May, 
then, because of increasing cloud cover typical of the summer 
climatic regime, decreased in summer. Air and water temperature 
curves are similar but 5th order best-fit curves indicate time 
lags, with insolation reaching a maximum in May, air temperature 
in late July-early August, and water temperature in late August. 
Water temperatures, plotted as separate averages for river, 
Anchorage and Gulf stations, indicate little difference among 
the three regions, though the river in most months was slightly 
warmer than Anchorage - Gulf waters. 
The rainfall curve (December data not included) indicates 
that 1971 can be divided into a dry season of 8 months, January-June 
and October-Novembe~ and a wet season of 3 months, July-
September. October, a transitional month, has arbitrarily been 
included in the dry season. In 1971, a relatively dry year, 
maximum rainfall occurred in September with minima in February, 
June, and November. 
River discharge, gauged at Elfers 20 km upstream from U. S. Highway 
19 Bridge, correlates well with rainfall except in February, when 
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significant discharge occurred without a corresponding increase 
in rainfall. This may represent a surge in the aquifer generated 
elsewhere in Florida. 
Salinity averages (see Appendix Tables IC-IlC for individual 
station data) for the Anclote area show, as expected, that river 
values were lowest. Anchorage and Gulf stations were little 
different in any month with small seasonal changes. 
Monthly averages (Appendix Tables 12C-22C) for dissolved 
nutrients and water color show varying degrees of correlation 
with river discharge (Figure 3C). Levels of all these para-
meters were highest in the river in September, the month of 
maximum rainfall and runoff. Silicate and water color, especially 
the latter, seem to be the most conservative parameters and 
correlate well with river discharge. None of the nutrients, 
however, show peaks in February to correspond with the relatively 
high runoff recorded for this month at the Elfers gauging station. 
Also, the November peak for nitrate, which is quite high, is 
difficult to explain in terms of river discharge. Seasonal 
patterns in the river of phosphate and ammonia seem less 
correlated with runoff than nitrate. This suggests that other 
factors, such as biological utilization, may be in part 
regulating annual nutrient cycles. 
Differences in nutrient and water color averages for 
Anchorage and Gulf stations were relatively small. Phosphate 
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values, however/ steadily increased from June through November, a 
trend not apparent in the other nutrients. 
Chlorophyll (Figure 3C, Appendix Table 33C) fails to show an 
obvious correlation with monthly averages of nutrients for either 
the river or coastal receiving waters. A bloom occurred in the 
river in May, the month of highest solar radiation, while nutrient 
levels were relatively low. The largest bloom was recorde~ in 
August, a month of only moderate nutrient levels in the river 
whereas the nutrient maximum occurred in the following month. 
In the Ancho~~e and adjacent Gulf there was no significant May 
bloom, and maxima occurred in August and September respectively. 
Areal Trends 
Salinity, nutrients, water color, and chlorophyll for wet 
and dry seasons in the Anclote area are contoured in Figures 
4C-l7C. Virtually all of these figures show that in either season 
nutrients from the Anclote river basin follow the general path of 
river flow into the anchorage. Nutrients and coloring matter 
are carried northwest towards station 25 (Anchorage Marker 3) 
along the axis of the north river channel. 'rhis tongue is 
flanked on either side by more saline gulf water, poor in 
nutrients, which extends into the anchorage from around either 
end of the Anclote Keys. A broad band of water with charac-
teristics similar to those of the tongue of river water covers 
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the shallows opposite Bailey's Bluff and Ben Pilot Point. It 
is as yet undetermined if the Anclote River is the major source 
of this water. 
The figures indicate several local areas of interest. 
There is a pocket of low salinity water persisting at station 19 
or 20 in the Anclote ship channel which had relatively high water 
coloration in the wet season and low phosphate-high nitrate 
concentrations in the dry season. The high nitrate pocket in 
the dry season seems to extend along the channel towards station 
25. Ammonia appears to be in relatively high concentrations 
at the ends of the Keys during the dry season and immediately 
east of the south end of Anclote Key during the wet season. 
Phosphate also evidence relatively high concentrations slightly 
north of the latter area in the wet months and on the Gulf 
side of the southern end of Anclote Key in the dry season. 
Silicate distribution in the dry season shows the influence 
on circulation of both the north channel and the dredged ship 
channel of the Anclote River with a bifurcate pattern of contours. 
Both the physical data (Figure 8B) and our seasonal averages 
reveal low salinity water trapped in the Anchorage just east of 
Anclote Key. The most likely source of this water would seem to 
be the river. Perhaps a band of relatively fresh water becomes 
separated from the main tongue of river discharge by the action 
of Gulf water passing through the Anchorage. Its origin remains 
uncertain, however, because concentrations of nutrients and water 
color were lower than in water of comparable salinity in the river. 
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Chlorophyll distribution in both seasons reflects the hydro-
graphic pattern in the river and anchorage as do nutrients. Highest 
concentrations are in the river and lowest in the fingers of Gulf 
water extending into the anchorage. Wet season contours show more 
interruptions in gradients, in the form of pockets of high or 
low chlorophyll content, but not in sufficient degree to mask the 
basic trend. Averaged data indicate more suspended pigments in the 
anchorage in the wet than in the dry season. Because of shallow 
water depths and large areas of grass flats, a significant portion 
of the chlorophyll + phaeopigments may be from benthic sources. 
Gradients in the Anclote River 
The river was sampled three times in 1971, April, August, 
and November, from the entrance to the ship channel (station 21) 
to a point 22.5 km upstream (station 1), to measure gradients of 
nutrients and other variables. Trends with respect to distance 
dowstream from station 1 and plots of each parameter versus 
salinity appear in Figures lBC-23C. Individual station data are 
listed in Appendix Tables 23C-2BC and correlation coefficients of 
these variables with salinity are found in Table lC. The coefficients 
indicate that silicate and water color have the highest correlation ~ 
(inverse) with salinity. Water color seems somewhat more linearly 
related to salinity than silicate, the latter, especially in 
November, evidencing a more curvilinear relationship. A strong 
inverse correlation of silicate with salinity has also been recorded 
by Burton et al. (1970) for Southampton Water in England and by 
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FIGURE 19C 
Si l icate- Si p l ott ed against distance downstream and salinity 
i n the Anc l ote River ; symbols as in Figure l 8C . 
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FI GURE 20C 
Orthoph o sphate-P p lotted against distance downstream and 
sal" n j t y in the Anclote River; s ymbol s as in Figure l 8C. 
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FIGURE 21C 
Ni tra t e - N p l otted against distance downstream and salinity 
i n the Anc l ote River; symbols as in Figure l8C. 
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FIGURE 22C 
Ammonia- N and disso l ved organic carbon plot ted against 
distance downstream and sal inity in the Anclote Riveri 
symbols as in Figure l8C . 
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FIGURE 23C 
Dis solved oxygen p lotted against dis tance downstream and 
sal ini t y in the Anclot e River; s ymbols as in Figure l ac . 
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FI GURE 24C 
Dissolved organic c arbon plotted against water color in 
the Anc l ote River; symbo l s as in Figure l8C . 
DISSOLVED ORGANIC CARBON 
40 
E 30 
a. 
a. 
U 
~ 20 r 
• 
10 L 
• 
vs 
WATER COLOR 
• • 
-
• 
• 
.4 .8 
• 
• 
• 
• 
• ':1-
-.. 
• 
1.2 
Water Color Absorbance at 4000 A 
Fig. 24 C 
• 
• 
• 
• •• 
• 
• • 
-
-. 
• 
August 
1.6 .2 
-
• 
• 
.-
. -
•• 
•• 
• 
-• • 
~ 
November 
.4 .6 .8 
TABLE lC 
Correlation coefficients for relationships between 
parameters measured in 19 river surveys and salinity. 
Coefficients in A-columns based on data from all stations; 
those in B-columns calculated without data from stations 8-11. 
April August November 
Parameter A B A B A B 
Water Color -.97 -.99 -.99 
Silicate- si -.95 -.95 -.90 -.90 -.95 -.98 
Phosphate- P -.16 -.84 -.45 -.40 -.52 -.67 
Nitrate- N -.56 -.53 -.19 -.22 -.86 -.88 
Ammonia- N -.36 -.73 
Dissolved O2 +.82 +.82 +.56 +.65 +.42 +.90 
Dissolved 
Organic Carbon -.92 -.95 -.56 -.54 
", d ~ 
i 
~ "-.) 
"~ 5: C::5 
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Burton (1970) for the Vellar estuary of southern India. Hopkins 
(1961) has reported on the nearly linear inverse relationship of 
water color with salinity in north Florida waters. 
Relatively high correlations were also obtained for dissolved 
organic carbon (-) in August, dissolved oxygen (+) in April, and 
nitrate (-) in November. Significantly stronger correlations, 
(Table lC) with salinity would have resulted for some of the 
parameters (phosphate, ammonia, and dissolved oxygen) had data 
from stations 8-11 (8-15 km from Station 1) not been included. 
This section of the river broadens into numerous channels and 
Spartina marshes, and in one or several surveys, each of the 
nutrients showed higher concentrations in this section of the 
river than at adjacent up or downstream stations. Also, dissolved 
oxygen was relatively low at stations 10 and 11 in two of the 
surveys suggesting a local increase in biological oxygen demand. 
It is possible that the Anclote sewage plant which enters at 
kilometer 13 (distance from Station 1) near Station 11 contributes 
significantly to the eutrophication of this area. 
Water color, the most conservative parameter, indicates a 
variable fresh water source for the Anclote River. Evidence for 
this is that in the April and November surveys water color 
increased from station 1 to 4 then decreased sharply downstream. 
Water color is strongly correlated with dissolved organic carbon 
(Figure 24C), which suggest that in the wet season, at least, a 
l a rge fraction of dissolved organic carbon is made up of coloring 
matter brought in with surface runoff. 
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Differences in surface and bottom concentrations of nutrients 
-
varied with season and consistent patterns were lacking. At most 
stations there was little difference in surface and near bottom 
... 
values, more times than not, were higher for all parameters except 
ammonia. Surface and bottom dissolved oxygen concentrations were 
generally similar, though significantly lower bottom values were 
--~--------------.... ~ 
recorded at upriver stations 3-6 in April and 4-7 in November. 
Only small vertical differences were noted for stations 8-11, the 
Spartina marsh area of the ri ver, which is possibly the result of 
turbulence generated by tidal flow. 
On the basis of a study by Cherry et al. (1970) of fresh water 
sources for the Anclote River, it would seem that most of the 
nutrients entering the Anchorage derive from surface runoff and 
not from the aquifer. Also, most of this nutrient load is carried 
into the Gulf in the summer wet season. Evidence for this is that 
the aquifer, based on 1964-1966 data, averaged but half (54%) the 
river flow in the dry season and only 12% in the wet season. The 
wet season (July-September) in 1964-1965 produced 1/2 to 3/4 of 
the annual flow. This hypothesis would not necessarily be valid 
if the aquifer were richer in nutrients than local surface runoff. 
Data from west central Florida springs and wells (Odum, 1953; 
Wetterhall, 1965; Cherry et al., 1970) indicate nitrate and 
phosphate levels in the aquifer are usually below those recorded 
for our Anclote River station 1 while silicate is about the same. 
This hypothesis assumes that nutrients released from the sediments 
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were originally derived from overlying river water and that the 
sewage plant contribution is relatively small compared to the 
contribution of surface runoff from the basin (70-90 sq. mi.) and 
the aquifer. A test of these assumptions is planned in the near 
future. 
($~ 
tidal variat~ $"ee ~ s;;teel. 
Three surveys were conducted in order to estimate variability 
in nutrient concentrations at a given sampling location over a 
tidal cycle (Appendix Tables 29C-32C). The results for one station 
sampled in March (station 17 located a short distance inside the 
river mouth) are presented in Figure 25C. In the 11 hours of the 
"u t' ,<J 72. 0, 16 r;.r 
survey salinity ranged from 3-:l oleo to ~;l 0,/99 , phosphate from ~
O,()I/Io dID", O,tJtJ sr ~(JlJZ 
to ~ppm, nitrate from~to ~ ppm, and silicate from Q 2 ~ 
(J, 1~9' 
~. These data indicate that at this particular sampling 
point nutrients can vary in concentration up to an order of magnitude 
over a tidal cycle. To minimize local tidal effects, seasonal 
results presented in this report are based on averages for a number 
of stations in each area. 
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FIGURE 25C 
v ari ations o f n u t r i en t con centrat i ons over a t i da l cyc l e 
a t Anc l o t e Ri ve r Station 17, 1 4-1 5 April, 197 1 . 
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FIGURE 26C 
Semi-log plot of nutrients (N0 3-N ppm x 10 2 + P04-P ppm) 
vs plant pigments (mg/m3 chlorophyll a + phaeopigments) 
for Florida coastal and open Gulf waters. 
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DISCUSSION 
The primary objective of the water quality program in th e 
Anclote area is to determine background levels of nlltrjents Rnd 
other parameters prior to the construction and operation of the 
power plant. An indication of the present degree of enrichment 
-.. 
can be obtained through comparison of nutrient and chlorophyll 
concentrations at Anclote with levels in other Florida waters. 
Table 2C presents data for a number of rivers and estuaries 
on the Florida west coast. Also included are values for Biscayne 
Bay (Card Sound) and for the open Gulf approximately 200 miles 
southwest of Tampa Bay. Open Gulf data are included as they 
represent base line or "control" values of nutrient poor unpolluted 
waters. In the last column is an arbitrary eutrophication index 
which is calculated by totaling certain nutrient concentrations 
and matching this total with chlorophyll pigments. This index 
was selected from the three below: 
l. N0 3-N ppm + P0 4-P ppm: Chl-a + Phaeopigments, mg/m
3
, 
2. N0 3-N ppm x 10
2 + PO -P 4 ppm: Chl-a + Phaeopigments, mg/ m
3
, 
3. N0 3-N x 10
2 : Chl-a + Phaeopigments, mg/ m3 . 
Correlation coefficients for the 11 sets of data in the table were 
calculated using nutrient concentrations as totaled in the expressions 
above versus pigments. The r values for the three relationships 
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Location 
Anc10te River 
Anc10te Anchorage 
Anc10te - Gulf 
(Xl A1afia River 
o 
Manatee River 
Lower Tampa Bay 
Boca Ciega Bay 
Crystal River 
Waccasassa River 
Biscayne Bay 
(Card Sound) 
Gulf of i1exico 
(25°50'N 
85°30'N) 
TABLE 2C 
Comparison of nutrients and plant pigmen ts in various surface waters of F1~rida . 
Eutrophication index = N0 3- N ppm x 10
2 +P04 -P ppm: plant pigments, mg/ m 
Date 
10/28/71 
10/28/71 
10/25/71 
10/16/71 
10/16/71 
10/16/71 
10/16/71 
11/13/71 
11/64 
05/12/71 
06/7-14/71 
Number 
of 
Stations 
10 
9 
1 
2 
3 
12 
13 
10 
2 
20 
2 
NO -N 
ppm
3
x 10 2 
x 
0.92 
0.37 
1.99 
1. 85 
5.43 
0.65 
0.55 
1. 43 
0.95 
0.33 
0.31 
P04 -P 
ppm 
x 
0.11 
0.11 
0.03 
8.95 
1.15 
2.95 
0.92 
0.04 
0.02 
0.008 
0.001 
Ch1orophy ll-a 
+ 
PhaeopigI!1ents 
mg/m3 
x 
10.37 ,-
3.29 -0 
3.00 
35.51 \ 
38.96 :; 
19.02 v 
" 19.60 
2.16 (9 
3.75 ').. 
0.20 \ 
0.51 '). 
Eutrophication 
Index 
1.03:10.37 
0.48:3.29 
2.02:3.00 
10.80:35.51 
6.58:38.96 
3.60:19.00 
1. 47: 19.60 
1.4'7:2.20 
0.97:3.75 
0.34:0.20 
0.31:0.51 
Source 
This report 
" 
Hopkins, unpb1. 
" 
" 
" 
Saville, 1966 
Segar et a1. , 1971 
Hopkins, unpb1. 
were 0.69, 0.87, and 0.68 respectively; consequently, the second 
expression was used. In this e xpression nitrate is weighted by 
increasing its value by two orders of magnitude. This was done 
because !;itrate may be limiting to phytoplankton production in ma ny 
Florida areas (FWPCA, 1969; Saville, 1966) and as a result is 
-
fresuently in very lOW concentratjgps Phosphate is included in 
the index because, as Odum (1953) suggests, in some waters it 
rather than nitrate can be limiting. 
To compare the areas listed in Table 2C, a plot was made of 
nutrient versus pigment concentrations for each body of water 
(Figure 26C). The Alafia and Manatee Rivers and lower Tampa Bay 
form a group of points with the highest nutrient and pigment 
concentrations. The h i gh nutrient values result from the naturally 
high phosphate levels in Tampa Bay. Boca Ciega Bay and the Anclote 
River (stations 11-20) were intermediate in nutrient and chlorophyll 
concentrations, whereas the Waccasassa and Crystal Rivers and the 
Gulf adjacent to the Anclote Anchorage have intermediate nutrient 
..... 
and relatively low chlorophyll values. Areas characterized by 
... 
extremely low nutrient and chlorophyll values are Card Sound at 
the southern end of Biscayne Bay and the loop current in the 
eastern Gulf. Anclote Anchorage (October) had relatively low 
.. 
nutrient concentrations, but chlorophyll levels were significantly 
-
greater than those in the open Cn] f and Card Sound. 
,. ~ 
The eutrophication index and a scatter plot of the type in Figure 
26C would perhaps be a more reliable gauge of enrichment if annual 
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averages rather t h an data from a single survey were used. In the 
p r e sent c omparison only data from Oc tobe r, November, Mayor June 
were used. By averaging data over a number of seasons , effects of 
biological cycling of nutrients and/ or runoff on nutrient concentra-
tions and phy toplankton blooms could be better taken into account. 
According to the limited comparative data available, the Anc lote 
River has intermediate levels of nutrients and chlorophyll. With 
increasing urbanization of the drainage basin and shore line of the 
river, an increase in eutrophication would seem probable. As this 
part of Pasco County is developed, the Anclote River index would 
probably approach the Boca Ciega Bay value. The effects of 
urbanization on water quality of the Anchorage presumably would be 
less apparent because of the rapid flushing of the Anchorage with 
Gulf water. 
Of concern also is the effect of the power plant dis charge on 
the distribution of water quality parameters in the Anchorage. At 
present the hydraulic model for the Anclote area is in the early 
stage s of development and the effects of discharge on circulation 
patte rns can only be surmised. It seems apparent, however, that 
) 
the power p lant will draw heavily on the river, especially on eb3 
tide, for cooling water becaus e of the placement of the intak~ 
inside the river mouth. The foregoing data show that the river 
-' --J 
is considerably richer in nutrients than the Anchorage . 
----------------------------------------------------~~~ 
If virtually 
all of the cooling water is carried to the end of the discharge 
cana l to the deeper part of the Anchorage then perhaps reside nce time 
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will be short, due to the rapid flushing of the Anchorage, and 
biological impact will be minimal . On the other hand, if a signi-
ficant volume of the discharge leaves the proposed undyked canal 
and moves over the grass flats, then the biology of the grass 
communities could be significantly altered by the combined effects 
of currents, turbidity, elevated temperatures, and higher nutrient 
levels. 
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SUMMARY 
1. Water temperature in 1971 reached a maximum in August and was 
similar at river, Anchorage, and Gulf stations, with the river 
s lightly warme r in most months of the year. 
2 . Most of the river runoff occurred in the summer months of 
July-September, a period when most of the annual nutri e nt l oad 
-
is carried into adjacent coastal receiving waters. 
-
3 . Salinity, nutrients, water color, and chlorophyll indicate 
river water moves into the Anchorage to the northwest along 
the north river channel and over the adjacent grass flat s . 
This tongue of water is flanked to the north and south by hi gh 
salinity-nutrient poor Gulf water entering the Anchorage around 
ei ther e nd of the Anclote Keys. 
4 . Water color and silicate in the Anclote River are highly 
correlated (inversely) with salinity throughout the year. 
5 . Dissolved organic carbon was negatively correlated with salinity 
and positively correlated with water color in the wet season . 
The latter relationship suggests that much of the DOC brought 
in with runoff is made up of the tea-colored matter so 
con spi c uous in the Anclote and many other Florida Rivers. 
6 . The Spartina marshes and Tarpon Springs sewage p lant locate d 
be tween Alte rnate 19 and Highway 19 bridges may contribute 
significant ly to the nutrient load and relatively low oxygen 
con centrat ions in this s ecti on of the river. 
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7. The Anclote River has intermediate levels of nutrients and 
chlorophyll in comparison to other Florida estuaries. It i s 
suggested that as the river basin becomes urbanized, eutrophi -
cation of the river will significantly increase. Because 
of the rapid flushing with gulf water, eutrophication will be 
less apparent in the Anchorage. 
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1. 
SEAGRASS ZONATION 
IN ANCLOTE ANCHORAGE 
Roger Zimmerman, James Feigl, David Ballantine, 
and H. J. Humm 
The seagrass beds of Anclote Anchorage are largely of 
Thalassia testudinum K;nig and Sims, Syringodium filiforme K~tzing, 
and Diplanthera wrightii Ascherson (Humm et al., 1971). Zonation 
within the beds is manifested by variation in dominance among these 
species (Table 3D). Four major zones are apparent (Figure 3D). 
Briefly, from inshore to offshore, they are a littoral Diplanthera 
zone, a Thalassia dominant zone, a Syringodium dominant zone, and 
a second outer Diplanthera zone. The first three zones are well 
known from other localities and have been discussed or alluded to 
by Taylor (1928), Humm (1956), Moore (1960), Phillips (1960, 1962), 
and Strawn (1961). Where all three species are present, their 
appearance from shallow water to deeper water is usually Diplanthera, 
Thalassia, and Syringodium. The fourth zone as reported in this 
paper appears as a Diplanthera strip at the outer sublittoral sea-
grass bed margin. Here Diplanthera grows in pure stands in waters 
deeper than Thalassia or Syringodium. Thus, within Anclote Anchorage 
Diplanthera is the deepest as well as the shallowest occurring sea-
grass. The reason for the occurrence of the outer Diplanthera zone 
is unknown. However, it appears to be indirectly related to water 
89 
depth and turbidity. Light penetration, siltation rate, bottom type, 
and current movements have been postulated as limiting factors and 
are being investigated. Whatever ~~e limiting factor(s), it is 
evident from our data that seagrass development is subnormal at the 
outer margins (Table 3D) and that Diplanthera replaces Thalassia 
and Syringodiurn here. 
TABLE 3D 
Preliminary data indicating seagrass zonation in Anclote Anchorage. 
Number of 
Distance Mean Emergent 
from shore Water Depth Leaf stems 
Zone (M) ( cm) Seagrass (M2) 
Inshore 28 6 DiElanthera 6,500 
Di12lanthera 
65 34 DiElanthera 8,800 
Thalassia 100 50 Thalassia 600 
S:( ringodi urn 250 90 S:t:ringodiurn 1,175 
(mixed) DiElanthera 75 
Thalassia 25 
400 130 s:t:rin2odiurn 950 
Di,Elanthera 250 
Thalassia 50 
600 170 S:r:rin2odium 1,125 
Di,Elanthera 50 
Offshore 700 190 Di,Elanthera 325 
DiElanthera S:t:ringodium 50 
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Densities were obtained from pairs of 20 x 20 cm bottom plugs . 
These were summed, then expanded to represent one square meter. 
Emergent stem units were equivalent to individual leaf clones 
arising from the rhizome and extended up through the substrate. 
There is some evidence to indicate that the seagrass beds 
at least on the mainland side of Anclote Anchorage have recently 
changed. Phillips (1960) described the Anclote Sound area as 
being dominated by Thalassia during 1958 and 1959. During 1971 
the largest portion of the grass beds on the mainland side were 
dominated by Syringodium (Figure 3D). Specifically, a station two 
miles southeast of Anclote Key and two miles northwest of tne pier 
on the mainland in four to seven feet of water was dominated by 
Thalassia, during 1959. Only small amounts of Diplanthera and 
Syringodium occurred locally (Phillips, 1960). What appears to be 
the same area is presently dominated by Syringodium. Diplanthera 
and Thalassia are present, but in lesser amounts. Thalassia becomes 
more abundant in shallower water farther inshore. 
This change may be related to an increase in turbidity since 
that time. Phillips (1960) stated that bottom details at this 
station were easily seen in six and one-half feet of water and 
that only rarely was visibility reduced to less than 48 inches. 
At present the reverse is true, that is, only rarely are bottom 
details easily seen in six feet of water. 
In summary, zonation occurs within the seagrass beds on 
the mainland side of Anclote Anchorage. From the inshore to 
91 
offshore seagrass bed margins these zones are littoral Diplanthera, 
dominant Thalassia, dominant Syringodiurn, and outer Diplanthera. 
The occurrence of these zones appears to be related to water depth, 
degree of exposure and factors influenced by turbidity. 
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II. 
BENTHIC ALGAE 
OF THE ANCLOTE ESTUARY 
David Ballantine and Harold J. Humm 
INTRODUCTION 
The lower Anclote River and its estuary, Anclote Anchorage are 
characterized by unconsolidated sediments, sand and muddy sand, over-
lying Tampa limestone. Limestone outcrops in the area are so limited 
that they do not provide a significant substratum for benthic algae. 
There are, however, extensive seagrass beds. These have developed 
wherever light penetration to the bottom is sufficient for them and 
where currents and consequent shifting sands do not prevent their 
establishment. The leaves of seagrasses constitute an important 
substratum for benthic algae; in Biscayne Bay, Humm (1964) showed 
that they will support about 25% of the species of benthic algae 
found on all substrata. 
Accordingly, a study of the benthic algal epiphytes of the sea-
grasses in the Anclote estuary was undertaken from January to August, 
1971, a time period that included all significant seasonal changes of 
one year. Since benthic algae are of major significance in the characteri-
zation of a shallow water environment, responding rapidly to changes 
in the environment, and since seagrass leaves are their principal 
s ubstratum in the Anclote area, we felt that this study would provide 
valuable baseline data. 
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FIELD PROCEDURES 
Following a reconnaissance of the seagrass beds of the area, six 
stations were selected for emphasis, as they appeared to represent the 
range of habitat variation in which seagrasses occur at Anclote (Figure 3D): 
Stations 1, 2, and 3 were established in a straight line on the 
north side of the river mouth from a point near the government radar 
station westward. Station 1 was located about 20 meters from the high 
tide line at the inner or eastern margin of the seagrass beds. Sho al 
grass, Diplanthera wrightii, was predominant at this station; turtle 
grass, Thalassia testudinum was present but not abundant or vigorous; 
Halophila engelmannii was sparse. The water depth ranged from 1 to 4 
feet, depending upon the height of the tide. 
Station 2 was established about 600 meters out from shore (westward) 
where seagrasses were dense and the depth range was 3 to 6 feet. 
Thalassia and manatee grass, Syringodium filiformewere the predominant 
species, but Diplanthera and Halophila were also present. 
Station 3 was established near the outer margin of the seagrass 
beds of this area, about 1000 meters west of the shoreline where the 
depth was 6 to 9 feet. Diplanthera was the predominant species at this 
station, but the other three species were also present. 
Station 4 was established on an extensive flat in the area regarded 
as the ·mouth of the Anclote River just north of channel marker 9. 
Diplanthera was the predominant seagrass here also, but Thalassia occurre d 
in small patches. A pure stand of Halophila engelmannii of several 
squ a re me ters area a t station 4 was e xpos e d during a prolonged spr i ng 
9 5 
low tide in January, 1971, when the air temperature was about O°C. 
Considerable die-back of the erect branchlets and leaves of Halophila 
occurred, and recovery during spring and summer from the subsurface 
rhizomes appeared to be incomplete with the result that the stand was 
in patches and Diplanthera had invaded. Depths at station 4 were normally 
1 to 4 feet. 
Station 5 was established south of the river mouth area about 350 
me ters southwest of Rabbit Key where depths ranged from 3 to 6 feet 
and where Syringodium and Thalassia were in greatest density and vigor 
of any stands seen in the Anclote estuary. Diplanthera and Halophila 
were also present. Water clarity was highest at this station. Phillips 
(1960) worked at this station in 1958 and reported Thalassia as 
dominant with sparse stands of Syringodium and Diplanthera. 
Station 6 was located about 100 meters east of Anclote Key, about 
midway between the center of Anclote Key and the south end of Dutchman 
Key . The depth ranged from 2 to 5 feet but the water turbidity was 
always high and bottom was never visible from the surface. Sediments 
were fine and easily suspended. Thalassia was the only seagrass present. 
Collections and Field Observations. Each station was visited at 
least once a month during the study period and collections made by 
diving and close observation of the seagrass leaves. In addition to 
seagrass leaves with epiphytes, collections were also made of loose 
algae at each station and algae attached to other substrata. Collec-
tions were preserved in 5% sea water formaldehyde. Study and identifi-
cation were carried on in the laboratory, and voucher specimens of all 
species were prepared and deposited in the algal herbarium of the Marine 
Science Ins titute at the St. Petersburg campus. 
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RESULTS 
Annotated List of Epiphytic Species 
CYANOPHYTA 
Order Coccogonales 
Determinations in the order Coccogonales are based upon the revision 
of the coccoid Myxophyceae by Drouet and Daily (1956). Ecophenes or 
older names for these species are not given here as the Drouet and Daily 
monograph is over 15 years old. 
Family Chroococcaceae 
Anacystis aeruginosa Drouet and Daily 
Forming microscopic, gelatinous colonies on the older leaves of 
Thalassia and occasionally on Syringodium and Diplanthera at all stations, 
but most common at station 3. Best developed in areas of low current 
velocity and low wave action, as it is readily dislodged from the leaves. 
Anacystis dimidiata Drouet and Daily 
This species rarely forms colonies of more than a few cells and 
is often found as a solitary cell or one that has recently divided and 
the daughter cells still have flattened adjacent faces. It is microscop ic, 
widely distributed, but found in this study only a few times on Diplanthera 
and Thalassia at stations 1 and 6. 
Anacystis montana (Lightfoot) Drouet and Daily 
Forming bright green patches on Thalassia at station 4. This spec i e s 
is primarily a fresh water one but it will grow in estuaries. In the 
Anclote area it probably comes down the river as temporary plankton and 
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becomes affixed to various solid surfaces, including seagrass leaves. 
" Agmen e llwm thermale (Kutzing) Drouet and Daily 
This is another b luegreen that occurs as plankton, attached lightly 
to solid surfaces, and lives in intertidal sand. In the Anclote area 
it was found only once on the surface of an old Thalassia leaf from 
s t a tion 2. Since it is microscopic and requires high magnification to 
recognize , it is easily overlooked despite its wide distribution. 
Family Chamaesiphonaceae 
Entophysalis conferta Drouet and Daily 
Common at all stations and at all seasons of the year on Diplanthera, 
Thalassia, and Syringodiwm attached directly to the seagrass leaves and 
also as epiphytes of many other algae that grow epiphytically on 
seagrasses. The colonies are microscopic. 
Entophysalis deusta (Meneghini) Drouet and Daily 
This species penetrates limestone and was found at all seasons and 
at all stations within the calcareous tubes of serpulid worms and the 
tests of Bryozoa (Schizoporella) on Thalassia, Syringodium, and Diplanthera. 
The cells of ~. deusta tend to be oval or spherical outside limestone 
whereas inside limestone they tend to simulate filamentous growth. In 
the past, the ext ernal cells have been placed in the genus Xenococcus 
and the internal filament-like strands in the genus Hyella (Tilden 1910; 
De sikach ary 1959 ). 
Order Hormogonales 
Family Oscillatoriaceae 
The classification of the Oscillatoriaceae used here is that of 
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Drouet (1968). The various ecophenes of Drouet's species found in 
the Anclote area are indicated by their old names in order that ready 
reference may be made to the older literature and also in order to ind i -
cate which ecophenes of Drouet's species were present at Anclote. 
" Microcoleus lyngbyaceus (Kutzing) Crouan 
Records for this assemblage of ecophenes are given under the ecophe n e 
names below. 
Lyngbya confervoides Gomont. Producing mostly horizontal masses 
of long filaments with a distinct sheath on blades of Thalassia at 
stations 1 and 6, year around but most abundant during late summer. 
Lyngbya majuscula Gomont. Clusters of filaments on Thalassia and 
Syringodium at stations 2, 3, 4, and 5. It was observed at station 5 
at all seasons of the year, but only sporadically at the other stations. 
Best development occurred in July and August. This is the largest species 
of the family in marine waters, its trichomes reach 60 microns in diameter 
or more. 
Lyngbya semiplena Gomont. This slender ecophene was found at all 
stations and at all seasons on the three common species of seagrasses, 
Thalassia, Syringodium, and Diplanthera. During the summer months, 
however, it developed in great abundance, forming skeins of filaments 
that almost covered the seagrass leaves, especially in the more shallow 
water stations and especially over stands of Diplanthera. It readily 
tolerates temperatures of 38°C. or more. 
Oscillatoria lute a C. Agardh 
Forming gelatinous patches on the leaves of Thalassia at stations 2 
and 3 (all seasons) and at station 4 (summer). Probably present at all 
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stations the year-around. The plant masses are usually yellow-brown 
or olive, the trichomes coiled or entangled in this strictly marine 
ecophene, Lyngbya lutea (C. Agardh) Gomont. 
II 
Porphyrosiphon notarisii (Meneghini) Kutzing 
This species was present as the ecophene Oscillatoria nigroviridis, 
an abundant, widely-distributed bluegreen in the Anclote area. It was 
found on all three of the common seagrasses at all stations throughout 
the year. It was more abundant, however, on shells and mangrove roots 
in shallow water. 
Schizothrix arenaria (Berkeley) Gomont 
This species was present as two of its ecophenes, sensu Drouet 
1968, as follows: 
Oscillatoria laetevirens Gomont was found on Thalassia and 
Syringodium at station 5 only and only during spring and summer, 
although it is probably present the year-around. Its slender trichomes 
tend to be grouped into small cushions or pads on the grass leaves and 
also on bottom sediments in grass beds. Occasionally it occurs in a 
thin Phormidium-like membrane of appressed trichomes. 
Microcoleus chthonoplastes (Flora Danica) Thuret, while most abundant 
on muddy sand bottom sediments in the intertidal zone it also occurred on 
Thalassia and Diplanthera leaves at station 1 as thin, membranous layers 
of filaments several months during the year but especially in late spring 
and summer. 
Schizothrix calcicola (C. Agardh) Gomont 
This species, as three ecophenes, was one of the most widely-
distributed bluegreens in the Anclote area. 
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Lyngbya digueti Gomont occurred as a microscopic turf on Diplanthera 
and Thalassia at stations 1 and 2, probably the year-around. Its fila-
ments were attached at the horizontal, basal parts that were curled and 
entangled, but the upright parts were straight and vertical. 
Lyngbya epiphytica Hieronymus was most often encountered spiralling 
around filamentous epiphytes of all three common species of seagrasses, 
especially Polysiphonia, Ceramium, Cladophora and filamentous bluegreens. 
While not recorded at all stations and all seasons, it was probably 
present, as it is easily overlooked. 
Plectonema terebrans Bornet and Flahacult is an ecophene of ~. 
calcicola that bores into limestone. It was found on Thalassia and 
Syringodium within the calc areous tubes or tests of serpulid worms and 
encrusting Bryozoa to which it usually imparts a greenish tinge. It 
was present at all stations the year-around. 
Schizothrix mexicana Gomont 
Two ecophenes of S. mexicana were found in the Anclote area, though 
neither was abundant. 
Lyngbya gracilis Gomont formed small tufts of filaments on all 
three seagrasses, Diplanthera, Thalassia, and Syringodium, at all times 
of the year and at all stations. Though widely distributed, it was 
never very abundant. 
Lyngbya sordida, an ecophene that produces large trichomes (15-30 
microns in diameter) was found only on Thalassia at station 5; the fila-
ments were in fasciculate tufts. It i s not typical as an epiphyte. 
Spirulina subsalsa Oersted 
On l e aves of Diplanthera at station 1 during July and August in 
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the form of small bright bluegreen patches. Part of the collections 
fitted the ecophene ~. major Gomont, as the spirals were loose, the turns 
several microns apart. 
Family Rivulariaceae 
Calothrix confervicola (Roth) C. Agardh 
This species is typically an epiphyte and occurred on all species 
of seagrasses at Anclote and at all stations throughout the year. It 
formed small, blackish tufts when well-developed, but often the growth 
was microscopic. This name is based upon the older literature, as 
Dr. Drouet has not yet published a revision of the Rivulariaceae. 
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RHODOPHYTA 
Order Bangiales 
Family Bangiaceae 
Asterocystis ramosa (Thwaites) Gobi 
On Thalassia and Syringodium at stations 2 and 3. Though not 
recorded for August, it appears to be year-around with a peak of abun-
dance during spring. On all four species of seagrasses, and at all 
stations except number 3. This species was not recorded for Tampa Bay 
by Dawes (1967). 
Erythrocladia subintegra Rosenvinge 
Forming microscopic red disks on Thalassia and Diplanthera during 
May, June, and July at station 5. It was probably present at other 
stations and during other months. 
Erythrotrichia carnea (Dillwyn) J. Agardh 
The most common member of the family in the Anclote area. Present 
on all species of seagrasses at all stations the year around. During 
spring, when best developed, it often forms a fine red fuzz on the 
margin of Diplanthera and Thalassia. 
Goniotrichum alsidii (Zanardini) Howe 
Occasional on all four seagrasses and recorded once or more at 
stations 1, 2, 5, and 6 every month except January and May. Probably 
present the year around. 
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Order Nemalionales 
Family Acrochaetiaceae 
Acrochaetium sargassi B¢rgesen 
On all four seagrasses at all stations during January, March, 
April, July, and August. Although this species was originally described 
by B¢rgesen on Sargassum in the Virgin Islands, it is known from a 
variety of algae. It was reported for Tampa Bay on Thalassia by Dawes 
(1967) . 
Acrochaetium thureti (Bornet) Collins and Hervey 
On Thalassia and Diplanthera at stations 1 and 2, in May. This 
species has been reported by Taylor (1957, 1960) only from Massachusetts 
and Bermuda. 
Acrochaetium crassipes B¢rgesen 
On Diplanthera at stations 2 and 3, April and May. This warm water 
species was classified as Kylinia crassipes (B¢rgesen) Kylin by Taylor 
(1960, p. 300) but we follow the opinion of Aziz (1965) who interpreted 
the genus Acrochaetium in the sense of Rosenvinge (1909). 
Order Cryptonemiales 
Family Squamxariaceae 
Peyssonnelia rubra (Greville) J. Agardh 
On Syringodium at station 2, March. This species is usually on 
stones or shells and is usually well below low tide. 
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Family Corallinaceae 
Fosliella lejolisii (Rosanoff) Howe 
Abundant at all seasons and all stations on all species of s ea-
g rasses, at times almost comple tely covering the leaves , espec i ally of 
Thalassia. This calcareous, encrusting epiphyte promotes the attach-
ment of other epiphytic algae by offering a better substratum than t h e 
seagrass leaves themselves. 
Fosliella farinosa (Lamouroux) Howe 
Perhaps as abundant as f. lejolisii and as widely distributed, but 
here recorded on Thalassia and Diplanthera at stations 1 and 2 during 
July and August. This plant is often two or three cells thick and has 
colorless, swollen cells (trichocytes) terminating the cell rows. Thes e 
two species probably reduce signifi cantly the photosynthesis on the sea-
grass leaves when p resent in abundance. 
Jania adhaerens Lamouroux 
Mostly on the basal portion of leafy branches of all four sea-
grasses, but also on their leaves, at stations 1, 2, 3, and 4. Recorde d 
for January, February, March, May, and July, but probably present the 
year around. 
Family Hypneaceae 
Hypnea musciformis (Wulfen) Lamouroux 
Common in the form of small plants on all three kinds of seagrasses 
the year around at stations 2, 3, 4, 5, and 6, and sometimes station 1. 
These plants appare ntly break off the seagrass leaves before they get 
very large in response to periods of windy weather. Drifting plants oft e n 
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reattach to seagrass leaves by means of the hooked tips on the branches 
that have a tendency to enwrap anything they come in contact with very 
promptly if it is small enough for them to surround. Thus the abundance 
o f Hypnea on seagrass beds varies with weather conditions. Large 
quantities may accumulate during periods of calm weather, most of which 
is washed ashore or out to sea during periods of windy weather. Hypnea 
grows rapidly during warm weather. It produces an abundance of kappa 
carrageenan as the principal cell wall constituent and for this reason 
is of considerable economic value. 
Hypnea spinella (C. Agardh) K~tzing 
This small, slender species is uncommon at Anclote, having been 
found on Thalassia, Syringodium, and Diplanthera at stations 2, 5, 
and 6 only during July and August. 
Order Rhodymeniales 
Family Champiaceae 
Champia parvula (C. Agardh) Harvey 
Common on all four seagrasses at stations 1, 2, 4, 5, and 6 from 
January to April and in July and August. 
Order Cerami ales 
Family Ceramiaceae 
Centroceras clavulatum (C. Agardh) Montagne 
A common epiphyte on all four species of seagrasses the year 
around at all stations. 
Ceramium byssoideum Harvey 
Typical plants of this species were not common, occurring on 
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Diplanthera at stations 1, 2, and 4 in several collections. What 
appears to be a variety of this species was very common, however, on 
all seagrass species the year around. Its taxomonic nature is 
discussed in a later section. 
Ceramium fastigiatum (Roth) Harvey, forma flaccida Peterson 
This species was common and recorded from all four seagrasses 
at all months during which collections were made except January and 
March at stations 1, 2, and 5. 
Griffithsia tenuis C. Agardh 
Found only three times, during May, June, and July at stations 
2 and 5 on Syringodium only. 
Griffithsia globulifera Harvey 
Found only once at station 2 on Thalassia in February. 
Spyridia filamentosa (Wulfen) Harvey 
One of the most common red algal epiphytes throughout the year at 
all stations except number 3 and on all species of seagrasses. This 
species often originates on seagrass leaves but is torn loose by windy 
weather before the plants are very large. Like Hypnea, Spyridia also 
develops hooked tips at the apex of some branches and these have the 
ability to enwrap seagrass leaves, especially Syringodium and Diplanthera, 
or other algae when they come in contact for a few hours. Thus drifting 
plants may become reattached to seagrasses. This species also readily 
produces adventitious attachment organs from any axis in response to 
contact of sufficient duration. The peak of abundance is reached 
during late spring. 
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Family Dasyaceae 
Dasya pedicellata (C. Agardh) C. Agardh 
Found only once in the April collection on Syringodium from 
station 2, a small, sterile plant. 
Family Rhodomelaceae 
Polysiphonia havanensis Montagne 
Occasional on all seagrasses at stations 1, 2, and 5 during 
April, May, and August. Best developed in spring. 
Polysiphonia echinata Harvey 
One of the most common red algal epiphytes, recorded from all species 
of seagrasses at all times of the year but best developed during March 
and April. During the warmer months of the year the main axes of the 
plants were mostly 70-100 microns in diameter, but in winter and spring 
they were about 150 microns. 
Herposiphonia tenella (C. Agardh) Ambronn 
Recorded during July and August on Diplanthera, Thalassia, and 
Syringodium at stations 1, 5, and 6. This plant has a creeping main 
axis with erect, determinate branchlets. 
LOphosiphonia saccorhiza Collins and Hervey 
Recorded on all four seagrasses January through August at stations 
1, 2, 5, and 6. This species also has a creeping main axis and erect, 
determinate branchlets, the tips of which are curved, with trichoblasts 
on the convex side. Humm (1964) comments on the uncertainty of this 
determination. 
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Chondria collinsiana Howe 
This small species is typically an epiphyte. It was found from 
January through August at stations 1, 2, 4, 5, and 6 on all four s pecies 
of seagrasses. It was not recorded for Tampa Bay by Dawes (1967). 
Chondria dasyphylla (Woodward) C. Agardh 
This and the following species are rarely epiphytes but occasionally 
attach to seagrass leaves. Small plants were found a few times at 
stations 1 and 5 in January, May, and July both on all four seagrasses. 
Larger plants break loose or, in the case of old seagrass leaves, cause 
the entire leaf to break off. 
Chondria tenuissima (Goodenough and Woodward) C. Agardh 
Found only once on Diplanthera at station 2 in the January collec-
tion. 
Laurencia obtusa (Hudson) Lamouroux 
Found once on Diplanthera during January at station 2. 
Laurencia poitei (Lamouroux) Howe 
Found occasionally on Thalassia and Syringodium, at stations 2, 
5, and 6 in February and during spring and summer. This and the previous 
species are rarely epiphytes and do not grow to maturity on seagrass 
leaves. 
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PHAEOPHYTA 
Order Ectocarpales 
Family Ectocarpaceae 
Griffordia rallsiae (Vickers) Taylor 
Oc casional during February and April at station 2 on Diplanthera 
and Syringodium. This is a tropical member of the genus known through-
out the West Indies and Caribbean Sea, so its presence only during 
winter and spring is puzzling. 
Giffordia mitchellae (Harvey) Hamel 
Abundant during winter and spring, but present the year around 
(except during July?) at all stations and on all species of seagrasses. 
This is a temperate species with a wide latitudinal distribution from 
the tropical Atlantic to Nova Scotia. In its southern range it is most 
abundant during winter and spring, but in its northernmost range it 
is a plant of summer and fall. 
Order Sphacelariales 
Family Sphacelariaceae 
Sphacelaria furcigera Kutzing 
Collected during spring and summer only on Thalassia and Syringodium 
a t stations 2, 5, and 6. It occurred around the base of the upright 
branches of the seagrass and not on the leaves. 
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Sphacelaria tribuloides Meneghini 
On basal parts of the upright branches of Thalassia and Syringodium 
from stations 2 and 6 during March, May, and July. It was probabl y 
present the year around. 
Order Chordariales 
Family Chordariaceae 
Cladosiphon occidentalis Kylin 
This species appeared on Thalassia in December, was most abundant 
on this seagrass and occasional on the other three at most stations until 
early May when it disappeared. During winter and spring it was the mo s t 
conspicuous brown alga in the area. The form in which it is present 
during the warmer months is not yet known. 
Family Myrionemataceae 
Ascocyclus magnusii Sauvageau 
Common on Thalassia at station 2 during March. It was probably 
widely distributed during winter and spring, but apparently not pre sent 
during the summer months. This species forms microscopic disks on the 
l e af surface. Known from Florida to New England but in its northern 
range it is a plant of spring and summer. Taylor (1960) lists it as 
A. orbicularis Magnus. 
Order Dictyosiphonales 
Family Stictyosiphonaceae 
Myriotrichia subcorymbosa (Holden) Blomquist 
Abundant on Diplanthera, especially in the shallow water stations 
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(1 and 2) the year around; occasional on Thalassia and Syringodiurn. 
It is often the most common epiphyte on Diplanthera, forming a fine 
brown fuzz or fringe. Although it is abundant throughout the West 
Indies and around the entire Florida coastline, Taylor (1960) reports 
it for North Carolina only and (1957) from Maryland to Massachusetts, 
both as Ectocarpus subcorymbosus Farlow emended Holden. 
Stictyosiphon subsimplex Holden 
Abundant on all three seagrasses, but especially on Diplanthera, 
during winter (from November) and spring (until early May) at all 
stations but especially at the shallow water stations just below mean 
low tide. This species occurs from the West Indies to Nova Scotia. 
In its southern range it is present during winter and spring; in its 
northern range it is ephemeral, and present during the fall or during 
spring and fall, almost exclusively on the fresh and brackish water 
grass, Ruppia. Taylor (1957) reports it for Connecticut and southern 
Massachusetts only; it is not listed in his 1960 publication. Fiore 
(1965, unpublished dissertation) has shown that this species is the 
sporophyte and Myriotrichia subcorymbosa the gametophyte of a plant that 
exhibits a life history influenced by environmental conditions. He has 
proposed a name change for this plant in a publication that is in press. 
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CHLOROPHYTA 
Order Ulotrichales 
Family Pleuro coccales 
Pseudotetraspora antillarum Howe 
Found from January to May at stations 1, 2, and 5 on all four 
species of seagrasses. Young plants frequently appeared to become 
established on the seagrass leaves at the vortex of the spirals of 
calcareous tubes (about one rom in diameter) of a surpulid worm. 
Family Gomontiaceae 
Gomotia polyrhiza (Lagerheim) Bornet and Flahault 
Creeping on the surface of the leaves of Thalassia and Diplanthera 
and penetrating empty surface cells of the host. The filament of the 
alga is markedly constricted at the point of penetration of the ce l l 
and the cells are irregular in diameter in general, reaching a max imum 
diameter o f 20 microns, considerably greater than filaments that 
penetrate lirnestone, a common characteristic of this species. It was 
found during July only at stations 5 and 6, but since it is a mi c r o -
scopic specie s easily ove rlooked, it may b e present at Anclote the 
year around. While previously reported as penetrating wood (Borne t 
and Flahault 1888), apparently this is the first report of this specie s 
penetrating seagrass leaves. 
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Family Chaetophoraceae 
Entocladia viridis Reinke 
This is another microscopic species that creeps within the surface 
poly saccharide of a great variety of larger algae. Though recorded only 
during July as an epiphyte of Polysiphonia echinata from a Thalassia 
leaf, it is very likely that it is a year-around alga in the surface 
layer of larger species at all stations and from all species of sea-
grasses. 
Phaeophila dendroides (Crouan) Batters 
Found upon the leaves of all four seagrasses and occasionally upon 
larger algae that were seagrass epiphytes; stations 1, 2, 5, and 6 
in the July and August collections, but probably the year around. This 
microscopic species, though very cornmon, is easily overlooked. 
Ulvella lens Crouan 
Recorded on Thalassia leaves at stations 1 and 2 during May only. 
This species is also microscopic, easily overlooked, and probably occurs 
on all species of seagrasses at all stations the year around. 
Order Ulvales 
Family Ulvaceae 
Enteromorpha chaetomorphoides B¢rgesen 
Although this is a tropical species, it was recorded during 
January and February only at station 4 on Thalassia and Diplanthera 
but wrapped around or entangled among the seagrasses rather than 
attached. 
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Enteromorpha clathrata (Roth) J. Agardh 
Although this is a common, year-around species in the area, it 
was found epiphytic on Thalassia only and only during April a t station 4 . 
" Enteromorpha prolifera (Muller) J. Agardh 
Another year-around and abundant species that reaches a peak of 
development during winter and spring. It was recorded as an epiphyte, 
however, only during January at stations 1 and 4 on Diplanthera, 
Thalassia, and Syringodium. A number of juvenile Enteromorpha plants 
were not recorded because of the lack of critical characters that 
would permit reasonably confident determinations. 
Order Cladophorales 
Family Cladophoraceae 
" Chaetomorpha brachygona Kutzing 
" Cladophora sericea (Hudson) Kutzing 
Small plants were common the year around but most abundant during 
winter and spring at all stations except number 3 and on all species 
of seagrasses. These plants would mostly fall within the range of C. 
gracilis, ~. glaucescens, or C. flexuosa sensu Collins (1909) and 
Taylor (1957, 1960). The monograph of van den Hoek (1963) has been 
followed in this determination. 
Rhizoclonium hookeri K~tzing 
Found twice on Syringodium at station 2 in January and in May. 
Rhizoclonium kerneri Stockmayer 
Common from May to August and probably during the fall of all spec i e s 
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of seag rass es at stations 1, 2, 5, and 6. This almost mi c roscopic 
plant often forms a green fuzz on seagrass leaves. 
Order Siphonales 
Family Derbesiaceae 
De rbesia v aucheriformis (Harvey) J. Agardh 
Found each month from February to July, except March, on Thalassia, 
Syringodium, and Diplanthera at station 5 only. Halicystis osterhoutii, 
said to be another form of this plant, has not been reported along the 
Florida Gulf coast. It may occur on rocky areas off shore in deep 
water. 
Caulerpa prolifera (Forsskal) Lamouroux 
While not an epiphyte of a seagrass in the same sense as other 
species listed in this paper, f. prolifera was collected attached to 
the basal portion of an erect branch of Thalassia at station 5 in May. 
Other clusters of rhizoids of the same plant also attached it to bottom 
sediments. The Caulerpa zygote or "seed" material may have originally 
lodge d upon the Thalassia plant. 
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DISCUSSION 
Distribution of Seagrasses. Seagrasses in the Anclote estuary 
exhibit a zonation that is characteristic of these plants all around the 
State of Florida. In general, Diplanthera becomes established in the 
lower intertidal zone where it is occasionally exposed, during spring low 
tides. It grows from this level outward in a pure stand at least to a 
level a few inches below mean low tide. At some minimally favorable depth, 
Thalassia begins, at first mixed with Diplanthera, but farther out 
and usually in somewhat deeper water, it forms a pure stand. Somewhat 
farther out, depending upon a variety of factors including the degree 
of slope of the bottom, Syringodium begins, mixed with Thalassia. Pure 
stands of Syringodium may be encountered in somewhat deeper water . In 
the Anclote estuary pure stands of Syringodium are in water that is 
five to six feet deep at mean low tide. Pure stands of Syringodium 
appear to be much less common than pure stands of Thalassia, although 
Syringodium and Diplanthera may be mixed with Thalassia at all depths at 
which the latter occurs. Thalassia and Syringodium can grow to about 
the same depth, from 15 to 25 meters in the clearest sea water (personal 
communication from Dr. Sylvia Earle following her studies while in 
Tektite II). 
Since Diplanthera is somewhat more euryhaline and eurythermal than 
any other western Atlantic species of seagrass, it extends farther up 
salinity gradients into estuaries, such as Tampa Bay and Charlotte 
Harbor, and also extends farther north along the Atlantic coast, at 
least to North Carolina. The other species of seagrasses in the 
Anclote estuary are not known to extend north of Cape Canaveral on 
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the Atlantic coast. All are basically continuous around the Gulf of 
Mexico except where their distribution is interrupted, at least in 
shallow Hater, by river discharge (Humm 1956). It appears that 
Diplanthera does not compete well with Thalassia and Syringodium in 
areas that are more or less optimum for the latter species. Where 
Thalassia and Diplanthera are mixed, the habitat is probably sub-
optimum for Thalassia. Where Diplanthera is in a pure stand, the 
environment may be subminimal for Thalassia. In the Anclote estuary 
along the outer margin of the seagrass beds, an outer band of Diplanthera 
is often found beyond the outermost Thalassia. This pattern does not 
occur in all seagrass areas of the Florida coast and has not often 
been described. 
Halophila engelmannii is usually found mixed with Thalassia and 
then rather sparsely so. However, one small area of Halophila in 
pure stand was found near station 4. Halophila baillonis has not 
been found in the Anclote estuary during the present work, although 
it is to be expected. 
More detailed data on the distribution, abundance, and productivity 
of seagrass beds in the Anclote estuary will be present in other sections 
of this annual report and also in subsequent reports. 
Comparison with Miami. Humm (1964) recorded 113 epiphytes of 
Thalassia in the Miami area, with special reference to Biscayne Bay. 
In this report, a total of 66 species has been recorded on all sea-
grasses, but in a much smaller area. Of the 66 species recorded at 
Anclote, 51 (about 75%) were also recorded by Humm at Miami, indicating 
a high degree of similarity of these two populations of benthic algal 
epiphytes on seagrasses. 
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It is estimated that 90-some precent of the benthic algae occurring 
in the Anclote estuary occur as seagrass leaf epiphytes. A study in 
progress on the non-epiphytic species will provide an accurate figure 
in a subsequent report. It is estimated also that more than 80 percent 
of the benthic algae found in the Tampa Bay system or in similar bays 
of the Florida Gulf coast occur as seagrass epiphytes. 
Ceramium byssoideum, forma alternata, new form. Ceramium byssoideum 
appears to occur in the Anclote estuary as an epiphyte of seagrasses in 
two forms with special reference to mode of branching. Typical f. 
byssoideum is dichotomous. A form that is even more common exhibits 
distinct alternate branching but otherwise resembles £. byssoideum. 
We are of the opinion that this form is worthy of recognition and 
shall propose that it be referred to as forma alternata. 
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SUMMARY 
Four species of seagrasses in the Anclote estuary, Diplanthera 
wrightii (Ascherson) Ascherson, Thalassia testudinum Konig and Sims, 
II 
Sy ringodium filiforme Kutzing, and Halophila engelmannii Ascherson, 
s upported 65 species of benthic algal epiphytes as determined by a 
study centered within six representative stations with monthly 
c ollections and fi e ld observations from January to August, 1971. 
It is es timated that over 90 percent of all benthic algae growing in 
the area occur as seagrass epiphytes. An annotated list of species 
is present. 
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III. 
ON THE DISTRIBUTION AND ABUNDANCE OF 
LUMINESCENT BACTERIA IN THE ANCLOTE ESTUARY 
Karen Wilson and H. J. Humm 
INTRODUCTION AND RATIONALE 
Of all physiological groups of bacteria that are exclusively 
marine, or nearly so, the luminous species have received the 
most attention. Their "cold light", an intriguing by-product 
of one of their oxidative enzyme systems under conditions of 
nutritional affluence, has received considerable attention from 
physiologists and biochemists in laboratory experimental work. 
Their classification and taxonomy, on the other hand, are still 
somewhat in doubt because of an inadequate knowledge of their 
fundamental characteristics. Furthermore, few studies have been 
made of this group of bacteria in their natural environment, 
not even counts of the standing crop. 
As indicated in the Anclote Environmental Project Report 
for 1970, we felt that a study of the distribution, abundance, 
and species present of luminescent bacteria in the lower Anclote 
River and its estuary would provide an important segment of an 
over-all baseline description of this environment. A study of 
their distribution and abundance in relation to water character-
istics, especially solutes and suspended matter, might demonstrate 
their value as indicators of environmental condition. We have 
found no references dealing with work on luminescent bacteria in 
the Gulf of Mexico. 
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HISTORICAL 
Luminescent bacteria are so abundant and widely distributed 
in the sea that they are readily found on all macroscopic marine 
organisms, both plant and animal, on most plankton organisms, 
in bottom sediments and intertidal beach sand, on particulate 
matter in suspension, and in the water itself (Johnson and Shunk 
1936; Pearse, Humm, and Wharton 1942; Georgala 1958; Johnson, 
Schwent, and Press 1968). These bacteria appear to be associated 
with fish more than any other group of marine organisms, although 
adequate comparison with various invertebrates such as squids, 
macroplankton, crustacea, ascidians has not yet been made. They 
are abundant on the surface of fish, especially on the gills 
(Liston 1955, 1957), but they are also a normal constituent of 
the intestinal flora (Spencer 1955). In this habitat, they 
may be analogous to the coliform organisms of the intestinal 
tract of mammals. 
Johnson, Schwent, and Press (1968) found luminescent 
bacteria in water samples in the Indian Ocean at depths of 
200 to 975 meters, but did not find them in samples of bottom 
muds off the continental shelf. 
In a number of marine animals, luminescent bacteria occupy 
a unique habitat in specialized glands or chambers known as 
"light organs" where they provide a continual emission of blue-
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green light that, in some species of the host animal, can be 
regulated by means of lenses and shutter-like membranes that 
expose the light or close it off to the outside. Other marine 
animals possess bioluminescent systems of their own. Photogenic 
organs are present on about two-thirds of the fishes inhabiting 
the mesopelagic region of the ocean (Hoar and Randall 1969). 
Classification. The classification of luminescent bacteria 
during the late nineteenth and early twentieth centuries was 
based upon the excellent work of Beijerinck (1889) in which all 
luminescent species were place in the genus Photobacterium. 
In the sixth edition of Bergey's Manual (1948), they were 
placed in three genera, Pseudomonas, Vibrio, and the ill-
defined genus Bacterium. 
Spencer (1955) studied nine strains of luminescent bacteria 
and placed them all in the genera Vibrio and Aeromonas. The 
seventh edition of Bergey's Manual (1957), however, placed 
them all in Vibrio and Photobacterium. 
Hendrie, Hodgkiss, and Shewan (1970) studied 51 strains 
of luminescent bacteria and placed them in three genera, Vibrio, 
Photobacterium, and a new genus, Lucibacterium. Although this 
work seems to be the most valuable to date, more data are 
needed before a fully satisfactory classification of these 
bacteria can be devised. The classification used here is 
based primarily upon the work of Hendrie, Hodgkiss, and Shewan 
(1970) . 
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PROCEDURES 
Anclote Estuary 
Water Samples and Physical Data. Water samples were take n 
one or more times per month at each station (FigurelD) in the 
Anclote River and Anclote Estuary over a period of one year 
from October 1970 to September 1971. One-liter polyethylene 
bottles were used; these had been cleaned with an ammonia-
containing detergent, rinsed twice in distilled water and then 
twice with sea water at the collection site. The water was 
taken three to six inches below the surface during the dry 
months (October through May) and 12-18 inches during the 
rainy season (June through September) in order to avoid a low-
salinity surface layer that may not have been representative, 
especially immediately after a rain. 
Field data included time of day, water temperature, salinity, 
and depth determined in the field by means of salinity-temperature-
depth profiler (STD) or by a portable induction salinometer. 
Occasionally, when these instruments were not available, 100 ml 
of water were taken to the laboratory for salinity determination 
by means of a Beckman induction salinometer. 
Total Organic and Particulate Matter. Portions of water 
samples used for bacterial counts were analyzed by a modified 
Strickland and Parsons (1968) method to determine total organic 
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and particulate matter. Two hundred and fifty (during summer 
months) or 500 ml of water were filtered through an HA (0.45 
microns) Millipore filter that had been dried for at least 12 
hours at 70°C to a constant recorded weight. The filter and 
retained material were dried for 24 hours at 70° and weighed. 
Subtraction of the original weight of the filter provided 
weight of the particulate material. The filters were then 
cut up and placed in a clean crucible to which four drops of 
90% acetone were added. Following 60 minutes on a hot plate 
at 70°C, the filter and particulate matter had become a hardened 
mass in the bottom. The crucibles were covered and placed in 
a muffle furnace at 500°C. Following ignition the covers were 
removed and the crucible again heated at 500° for 24 hours. 
The ashed residue was weighed and organic particulate matter 
determined by subtracting the weight of the inorganic ash from 
the value obtained for total particulate matter. Values were 
recorded in milligrams per liter of water. 
Population Counts. Since quantitative determinations of 
luminescent bacteria in sea water apparently have never been 
made, we were obliged to devise a means of doing so. The 
poured plate method cannot be used, as subsurface colonies of 
luminescent bacteria do not luminesce. An extinction-dilution 
method probably would not give significant results because 
marine luminescent bacteria are readily inhibited by other 
species in a mixed culture. Accordingly, we tried the even 
distribution of a given volume of sample over the surface of 
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a petri dish. Fortunately, the sample could be small enough, 
because of the abundance of luminescent bacteria in the water, 
so that absorption and evaporation of the water following spread-
ing occurred promptly enough to make this procedure feasible and 
accurate. 
Water samples were processed in less than 60 minutes after 
collection. Either 0.1 (warmer months) or 0.2 (cooler months) ml 
were placed upon sea water (salinity 25 to 33 0/00) agar plates 
containing 0.5% peptone; 0.3% beef extract (Difco nutrient broth), 
1.5% agar and 0.3% yeast extract. The sample was evenly distri-
buted over the petri plate surface by means of an angled loop 
needle. The plates were usually propped upside down on the edge 
of their lids for a few minutes until it was clear that no 
surface moisture remained in which bacteria could swim. The 
plates were then covered and incubated in inverted position at 
about 24°C for 24 hours. Five plates were prepared from each 
water sample. Counts were made in total darkness of luminescent 
colonies after 24 hours incubation. Two types of luminescent 
bacteria were distinguishable: small, discrete convex colonies 
and flat colonies with a tendency to spread. After seven days 
incubation, counts were made of the total number of colonies 
on each plate, that is, of the total aerobic heterotrophs that 
would form visible colonies upon this medium at the tempera-
ture of incubation. The 24-hour incubation period was used 
to count the luminescent colonies, as it was found that 
reduction in light intensity or loss of luminescence began to 
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take place shortly thereafter at this incubation temperature. 
Luminescence is visible only during the logarithmic growth phase. 
Open Sea 
Water Samples and Physical Data. During the cruise of the 
USN RV Mizar from June 7 to 14, 1971, eight strains of luminescent 
bacteria were obtained in the eastern Gulf of Mexico at latitude 
25 0 50'N., longitude 85 0 30' West from the surface to a depth 
of 1150 meters. In addition, two other strains were given to 
us for comparison that had been obtained a few days earlier by 
Mr. D. F. Wilson from the Cariaco Trench in the Caribbean Sea 
off the coast of Venezuela. 
Water samples for bacteriological analysis were obtained 
aseptically by means of six 1.5 liter sterile water samplers 
(General Oceanics model SS) attached to a hydrographic wire at 
intervals above a rosette multi-sampler with six l2-liter Niskin 
water bottles to which reversing thermometers were attached. 
A total of 15 casts (75 samples) were made during the period 
of the cruise. 
On each cast one of the rosette samplers was triggered 
electronically at 50 meter intervals. A sterile sampler was 
then lowered to approximately the same depths at which one of 
the six Niskin bottles had filled and these were then filled 
following release of a messenger. 
Salinity of each sample was determined on a Beckman 
induction salinometer and a comparison made between Niskin 
and bacteriological sample bottles that presumably had been 
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filled at the same depth in order to verify proper functioning 
of the depth-indicating mechanisms. 
Concentrations of nitrate, phosphate, and silicate were 
determined for each sterile sample in a Technicon auto-analyzer 
on board the Mizar. Wet chemistry determinations of nitrite were 
done for each sample by the procedure of strickland and Parsons 
(1968). Dissolved oxygen was determined by the micro-Winkler 
technique of Carpenter (1965). 
Bacteriological Analyses. The water-filled plastic bags 
were removed from the sterile samplers as soon as they reached 
the surface and placed in a clean room at 15°C. The bags were 
suspended, a small area cleansed with 1:1000 zepherin chloride 
in 80% ethanol. A sterile hypodermic needle attached to 
sterile silicone rubber tubing was inserted into a bag. This 
was connected to a Millipore sterifil apparatus equipped with 
a GS 0.22 micron filter. Twenty-five, 50 and 100 ml portions 
of each sample were filtered and the filters placed upon 0.1% 
trypticase yeast extract agar adjusted to pH 8.0 prepared from 
filtered natural sea water of 34 0/00 salinity. Incubation 
was at 15°C in the dark. Luminescent colonies were counted 
after 48 hours and total colonies counted after one to two 
weeks. stock cultures were obtained from the luminescent 
colonies at the end of the 48-hour incubation period. 
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Culture Study Procedures 
stock cultures of strains 1 through 10 were initially main-
tained on 0.1% trypticase yeast extract agar in sea water at 15°C. 
Since growth on this medium was poor, the cultures were transferred 
to Difco nutrient agar made up with sea water and to which 0.3% 
yeast extract was added. Excellent growth occurred on this medium 
as well as good pigment development. The two strains (A and C) 
isolated from waters of the Anclote Estuary were maintained on 
this medium from the beginning. All cultures were transferred 
every five days. 
Antibiotic Sensitivity. Sea water nutrient agar plates 
were heavily inoculated with the stock cultures and Bacto 
sensitivity disks of penicillin (2 units) and terramycin (5 
micrograms) placed on the surface about 3 cm. apart. Incubation 
was 15°C for the open sea strains and at 24° for the Anclote 
strains. Results were recorded after 12 hours of the width of 
all zones of inhibition. 
Morphology and Chromogenesis. Growth characteristics, 
including pigment production, if any, were observed in sea water 
nutrient broth, agar, starch agar, and other media after various 
periods of growth. Gram stains were prepared by the method of 
Pelzar (1958). Motility was determined by suspending cells in 
a saline solution. 
Electron micrographs were prepared of all twelve strains 
to determine flagellation. Three methods were used for preparing 
cell suspensions: (1) cells from agar slants were suspended in 
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5% ammonium acetate and washed three times by centrifugation 
followed by re-suspension in five drops of ammonium acetate; 
(2) c e lls we re suspended in 2.5% NaCl c ontaining 5% formalin 
and fixed for about 30 minutes followed by a single washing i n 
ammonium acetate; 
osmic acid. 
(3) cells were fixed for 10 minutes in 1% 
One drop of each preparation was placed on a carbon-stabilized 
formvar-coated copper grid of 200 mesh. Grids prepared by methods 
1 and 2 were metal-shadowed with platinum-palladium (80-20). 
A Philips EM-75 electron microscope with a resolution of 50 
angstroms was used. 
Salinity. To determine the relative growth in a range of 
salinities, all cultures were transferred to nutrient agar plate s 
containing none, 0.5, 1.5, and 7.5% NaCl. 
Biochemical Tests. Oxidase production was determined by 
flooding 48-hour cultures on sea water nutrient agar with a 
modified Kovac's oxidase reagent. Indol production from 
tryptophan was determined by the usual procedure of testing 
24-hour cultures in 1% Difco tryptone with Kovac's reagent. 
Nitrate reduction was detected by testing cultures that had b een 
grown for various periods of time in trypticase nitrate broth 
with the usual alpha-naphthylamine and sulfanilic acid reagents. 
Negative results with this test were checked by addition of 
cadmium shavings to verify that the nitrate was still present. 
Starch hydrolysis involved flooding of starch agar plates with 
an iodine solution after cultures had been grown on them for 
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various periods of time. In the case of negative results, the 
colonies were scraped off the agar and the plates flooded again 
to detect limited hydrolysis. Both plates and tubes of sea 
water nutrient gelatin were employed to detect gelatin hydrolysis 
with the customary stab inoculations of the tubes. Incubation 
periods were up to 14 days. To detect lipolytic enzymes, 1% 
tween 20, 40, 60, and 80 were added to sea water nutrient agar 
and plates were inoculated by streaking. Frequent observations 
were made over a four-day period for the formation of whitish, 
waxy precipitates around the bacterial growth. Stab cultures 
in tubes of Difco SIM medium in sea water were observed over a 
long incubation for the presence of iron sulfide along the stab 
line. 
Carbohydrate utilization was determined by use of Leifson's 
(1963) marine oxidation-fermentation medium. The basal medium 
and carbohydrates (in 10% solution) were autoclaved separately 
and later mixed and tubed aseptically so that the final carbohy-
drate concentration was 1.0%. Inoculation was in duplicate sets 
of tubes for each organism and carbohydrate with one tube of 
each pair covered with sterile, melted petrolatum. Frequent 
observations of the results (acid, acid and gas, or no change) 
were made over a period of ten days. The following carbohydrates 
were tested: glycerol, rhamnose, xylose, fructose, galactose, 
glucose, mannose, lactose, maltose, sucrose, mannitol, and 
starch. 
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RESULTS 
Anclote Area 
Distribution and Abundance. From January 30 to September 30, 
1971, the numbers of luminescent bacteria in the waters of the 
lower Anclote River and its estuary ranged from 0 to 64 per ml 
and made up about 10% of the total bacterial population that could 
be counted by the procedures used. These results are based upon 
145 water samples from each of which five petri plates were 
inoculated with either 0.1 or 0.2 ml of sample, a total of 725 
plates. The water samples came from 22 stations distributed 
throughout the area involved in the study (FigurelD). All wate r 
samples with negative results for luminescent bacteria were taken 
during January and February when the water temperature was below 
20°C, with one exception. 
TablelD gives the average number of luminescent bacteria 
for each of six months during which samples were taken in the 
Anclote area along with water temperature and salinity ranges. 
It is apparent from these data that water temperature is a 
factor of major importance. The reduction in numbers from 
January to February is probably a result of continued fall in 
water temperature (not shown clearly in TablelD) and a lag in 
response on the part of the population. The lower average during 
April in comparison to March, if significant, may represent a 
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Jan. 
Fe b. 
Mar. 
Apr. 
May 
Sept. 
TABLE lD 
Average number of luminescent bacteria for each of six months 
during 1971 from all stations in the Anclote area. 
Av. No. 
Water temp. Number of Luminescent 
range, °C. samples bact./m1. 
15-16° 7 3.43 
14.2-20 30 1.60 
19.2-24 11 9.45 
16-26 34 7.90 
25-27 17 33.4 
26-29.3 26 21. 7 
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Salinity 
range, 0/00 
26.43-29.72 
19.80-32.66 
28.44-33.00 
21. 87-31. 00 
30.47-33.78 
1. 62-33 .15 
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BACTERIO 
response on the part of the bacterial population to a decline in 
April of the spring phytoplankton bloom that reached a peak in 
March. The population decline from the peak in May to the ave rage 
found in September is probably related to the late summer rainy 
season with drastic salinity reduction and run-off from the upper 
reaches of the Anclote Rive r. 
In general, stations at the mouth of the Anclote river (3 
and 6) were highest in luminescent bacterial population during 
the warm months of the year, April to September, when the water 
temperature was 20 to 30°C. Station 6 had an average of 22 per 
ml and station 3 an average of 41 from April 15 to September 30. 
Stations that were second highest during the warm months were 
those farthest out from the river mouth, 11 (in the Anchorage) , 
12 (in the pass just east of Anclote Key light), and 13 (in the 
Gulf west of Anclote Key). These three stations, however, showed 
the highest populations during the winter months along with 
station 14 in the pass on the north side of North Anclote Key. 
Year-around averages of the stations sampled most frequently 
were highest at the mouth of the Anclote River (station 6), in 
the Gulf on the west side of Anclote Keys (station 13), and in 
Anclote Anchorage about midway between the mainland and the 
islands (stations 11 and 19). 
In an effort to determine if there was a relationship 
between the distribution of luminescent bacteria and an environ-
mental factor other than water temperature, correlation coeffi-
cients were calculated for number of bacteria per ml with salinity , 
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total suspended p articulate matter, and organic particulate ma tte r. 
Although efforts were made to obtain data on dissolved o rgani c 
carbon for this purpose, these data were not considered suffi c i e n tl y 
re liable because of instrument problems. 
While there was a slight positive correlation between numbers 
of luminescent bacteria and total particulate matter in suspensio n, 
the shallowness of the area is such that suspended matter inc reas e s 
quickly with a change in wind velocity or direction as a result of 
r e -suspension of fine sediments. These probably contribute little 
to bacterial food sources. The correlation between bacterial 
numbe rs and organic particulate matter is somewhat higher. 
There appears to be little significant relationship betwe en 
bac terial numbers and salinities that range between 14 and 
32 0/00. The species of marine bacteria inhabiting the Anclote 
estuary readily tolerate this range. 
On one sampling series taken September 14, 1971, there 
was a series of salinities well below 15 0/00 and the correla-
tion coefficient was .864. These data are given in Table 20. 
It appears from the data in Table 20 that the lumines cent 
population that was abundant during the summer months near the 
An c lote River mouth had been moved out into the channel and 
into Anc lote Anchorage as a result of rains and river discharge. 
At the same time, there is evidence that river water, when mixed 
with Gulf water, provides a more favorable environment for lumin-
escent bacteria than Gulf water alone. Data obtained by 
investigators involved in water chemistry of the area show that 
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Station 
Number 
2 
6 
8 
10 
11 
TABLE 2D 
Numbers of luminescent bacteria per ml on September 14, 1971, 
and other field data. The tide was rising. 
Water 
Station Location Salinity Time Temp. 
Lower Anclote River 1. 62 0/00 0920 27.0°C. 
At the Anclote River Mouth 2.70 0908 26.5 
Channel 1/2 mile W. of river 
mouth 9.69 0905 27.0 
In the channel 1 mile west 
of the Anclote River mouth 17.23 0857 26.5 
Anclote Anchorage 1 mile E. 
of Anclote Key light 14.54 0855 27.0 
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No. /ml 
8 
10 
38 
42 
26 
where luminescent bacterial populations are highest, at least 
during the warmer months of the year the salinity is about 
15 0/00 or higher. Apparently, as Table 2D indicates, when 
the admixture of river water reduces the salinity much below 
15 0/00 (about half sea water), the luminescent bacteria 
present are more inhibited by reduction in salinity than 
stimulated by the. contribution of organic matter from the 
river. 
Species Present in the Anclote Area. The population of 
luminescent bacteria in the Anclote estuary and adjacent waters 
is made up of only two species, Photobacterium splendidum 
(Beijerinck) Eymers and van Schouwenburg, and Lucibacterium 
harveyi (Johnson and Shunk) Hendrie, Hodgkiss, and Shewan. 
~. splendidum is present in abundance the year around. L. 
harveyi, however, accounts for about ten percent of the 
luminescent bacterial population during the warmer months of 
the year and seems to disappear from local waters during the 
coolest months of the year when the water temperature is below 
15°C. The fact that this species will grow at 37°C suggests 
that its optimum temperature is somewhat higher than that for 
P. splendidum and that it is probably an organism restricted 
to tropical waters. 
While these two species exhibit many characteristics in 
common, they differ in one fundamental respect and in two 
other ways. The fundamental difference, polar versus peri-
trichous flagella, places them in different families by tradi-
tional bacterial classification. Their difference in colony 
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characteristics permits their recognition when first isolated, 
and their diffe r ence in water temperature adaptation probably 
accounts in part for the fact that one of these s pe cies is 
relatively abundant in the Anclote estuary and the other un common 
and seasonal. 
Hendrie, Hodgkiss, and Shewan (1970) studied 51 str ains of 
luminescent bacteria and proposed certain revisions of their 
classification. They proposed the new genus Lucibacterium f or 
those with peritrichous flagella that are aerobic, facultat ivel y 
anaerobic, ferment carbohydrates without gas production, are 
oxidase positive , insensitive to 2,4-diamino-6,7-diisopropyl 
pteridine, liquify gelatin, reduce nitrate to nitrite, and have 
a DNA base ratio of 45 to 46 moles % G + C. They transferred 
Achromobacter harveyi Johnson and Shunk [Phot6bacterium harveyi 
(Johnson and Shunk) Bergey et al.] to this genus and designated 
it the type species. At the same time they regarded Photobacte rium 
splendidum as a synonym of ~. harveyi, on the basis of the 
assumption that the strain they had, having been in culture for 
many years, had lost some of its properties and could be a 
degenerate strain of ~. harveyi. While we tentatively accept 
Hendrie, Hodgkiss, and Shewan's new genus Lucibacterium, we 
do not agree that~. splendidum is a synonym of ~. harveyi. 
On the basis of studies of isolates obtained from the Anclote 
estuary, we feel that it should be referred to the olde r name , 
Photobacterium splendidum, at least until further studies are 
conducted. The genus Photobacterium was established by 
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Beij e rinck (1889), recognized in the seventh edition of Bergey ' s 
Manual of Determinative Bacteriology (1957), and by Hendri e , 
Hodgkiss, and Shewan 1970. 
The following are descriptions of the two species of 
luminescent bacteria found in the Anclote estuary based upon 
studies of these isolates. 
Lucibacterium harveyi (Johnson and Shunk) Hendrie, Hodgkiss, 
and Shewan 
Plate 10, Figure 20 
Rods, short to medium in length, 0.5 x 1.0 to 1.5 microns, sing le 
or in pairs; motile by means of one to several polar flagella; 
non-spore-forming; not conspicuously encapsulated; Gram negative. 
Colonies on sea water nutrient agar white, somewhat translucent, 
circular, convex with an entire margin, smooth, shiny, some-
what irridescent, mostly 1 to 2 mm in diameter. 
Gelatin (nutrient in sea water) rapidly liquified; starch 
hydrolyzed; H2S produced; nitrate reduced to nitrite; 
indole produced; oxidase positive. 
Sensitive to terramycin but not to penicillin. 
Acid but no gas from galactose, glucose, mannose, maltose, 
mannitol, starch; no acid from glycerol, lactose, rhamnose, 
sucrose, xylose; fermentative. 
Tweens 20, 40, 60, and 80 are hydrolyzed. 
No growth at 37°C. Growth and luminescence in media containing 
0.5 to 7.5 % NaCl. No growth in the absence of NaCl. 
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Photobacterium splendidum (Beijerinck) Eymers and van Schouwenburg 
Plate 2D, Figure 2D 
Rods, short to medium in length, 0.5 to 1.5 microns, single, or in 
pairs; motile by means of peritrichous flagella; non-spore -
forming; not conspicuously encapsulated; Gram negative. 
Colonies on sea water nutrient agar white, translucent, irridescent, 
flat, the margin becoming irregular and the colonies spreading , 
1 to 50 mm in diameter. 
Gelatin (nutrient in sea water) rapidly liquified; starch hydrolyzed ; 
H2 S produced; nitrate reduced to nitrite; indole produced; 
oxidase positive. 
Sensitive to terramycin but not to penicillin. 
Acid but no gas from galactose, glucose, marmose, maltose, sucrose, 
mannitol, starch; acid may be produced from glycerol, lactose 
(slight); no acid from rhamnose, xylose, fermentative. 
Tweens 20, 40, 60, and 80 are hydrolyzed. 
Growth at 37°C. Growth and luminescence in media containing 
0.5 to 7.5 % NaCl. No growth in the absence of NaCl. 
Open Sea 
Distribution and Abundance. In order that comparison of 
the population of luminescent bacteria in the lower Anclote River 
and its estuary may be made with populations of the open Gulf 
of Mexico and the Caribbean Sea at various depths, data are 
presented here obtained from participation in a cruise of the 
U. S. Navy Research Vessel Mizar from June 7 to 14, 1971, in the 
Gulf of Mexico and Caribbean Sea. 
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In the Gulf of Mexico at latitude 25° 50' N., longitude 80° 30' W. 
during the second week of June, 1971, there were from a to 2 
luminescent bacteria per 100 ml of water sample from the surface 
to about 200 meters depth (in contrast to a maximum count of 6400 
per 100 ml in the Anclote estuary). 
Luminescent bacteria were most abundant at depths of 300 to 
450 meters (maximum number at 400 M.) both day and night. It 
appears that these bacteria are associated with the "deep scattering 
layer" plankton and nekton that exhibit diurnal vertical migrations, 
upwards at night, downwards in the daytime, and that they may be 
utilizing the organic matter excreted by these DSL organisms. 
In the open Gulf, luminescent bacteria made up from 15 to 
25% of the total aerobic, heterotrophic population in the deep 
scattering layer, but only 1 to 10% of the population above and 
below the deep scattering layer except for much greater depths. 
From 900 to 1150 meters depth, luminescent bacteria made up 25 
to 50% of the population; in the Cariaco Trench in the Caribbean 
Sea off Venezuela they constituted about 25% of the population. 
Species Present in Deep Water. The luminescent bacteria 
isolated during the cruise of the Mizar included six species 
in contrast to the two found at Anclote. Furthermore, no species 
was common to both areas. 
It appears from these results that certain spec1es of 
luminescent bacteria have become adapted to brackish water, 
especially where the salinity remains above about 15 0/00, 
but that most species are highly stenohaline and limited in 
activity to open-sea conditions. 
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FIGURE 2D 
Plate lD 
Lucibacterium harveyi 
Plate 2D 
Photobacteriurn splendidurn 
• 
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SUMMARY 
A study of the luminescent bacterial population in the 
Anclote Estuary at Tarpon Springs, Florida Gulf coast, from 
January 30 to September 30, 1971, indicated a range in number 
from 0 to 64 per ml in 145 water samples, with an over-all 
average of 12. The lowest monthly average occurred in February 
(1.60/ml) with an increase each month to a peak in May (33.4). 
Luminescent bacteria made up about 10 percent of the total 
aerobic, heterotrophic population in suspension in the water 
in this area. 
In general, highest populations of luminescent bacteria 
in the Anclote estuary occurred around the river mouth when 
the water temperature was 20 to 30°C. During cooler months 
of 1971 when the water temperature was 15 to 19°C, the highest 
population of these bacteria was in the outer (western) part 
of the estuary and immediately outside Anclote Key in the 
Gulf of Mexico. It appears that luminescent bacteria are 
stimulated by organic matter brought down the river as long 
as the salinity is not reduced below 15 0/00; below this 
salinity level, luminescent bacteria are inhibited and unable 
to take advantage of the organic nutrients present. 
Two species of luminescent bacteria were found in the 
Anclote estuary, Lucibacterium harveyi and Photobacterium 
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splendidum. The latter is the predominant species at all times 
of the year and may be the only species present during the 
cooler months. During the warmer months it makes up about 90 
percent of the luminous population. The two can be distinguished 
by colony characteristics but differ in several physiological 
respects and in location of flagella. 
Six species of luminescent bacteria were isolated, during 
the course of this work, from deep water in the Gulf of Mexico 
and Caribbean Sea aboard the USN RV Mizar. All of these differed 
from the two species found in the Anclote estuary. In the open 
sea, luminescent bacteria generally make up from 15 to 25 percent 
of the total population of aerobic, heterotrophs. 
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INTRODUCTION 
Benthic invertebrates constitute one of the major compo-
nents of the biota of the Anclote estuary. While subtidal sea-
grass beds provide habitat for most of the invertebrate populations 
at Anclote, the sandy bottoms, oyster bars, Spartina and Juncus 
marshes, and the intertidal zone also support large and diverse 
populations. 
Accordingly, major attention has been given invertebrate 
abundance and distribution in the environmental studies at 
Anclote. 
This second annual report summarizes some of the work on 
the populations inhabiting seagrass beds, and in particular, in 
those areas involved in construction of the intake and discharge 
channels of the power plant. 
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METHODS 
Two types of sampling gear have been employed with notable 
success. A benthic trawl has been used to collect invertebrates 
on the surface of the bottom; burrowing and smaller animals are 
obtained by means of a newly-developed bottom sampler. 
1. Benthic trawl 
The benthic trawl or bottom drag was constructed according 
to the design of Taylor (1965). This small drag consists of a 
1/8 inch stretch mesh net attached to a frame with a mouth opening 
1.0 m wide and 0.3 in height. It was designed to take qualitative 
samples in seagrasses as well as on sandy bottoms when towed by a 
small boat at low speeds. However, in this study in order to 
better quantify and standardize each sample, the trawl was not 
towed, but rather pulled by hand. Upon arrival at a station, 
the trawl was lowered to the bottom, then, as the boat moved forward, 
a predetermined length of line (15 m) attached to the trawl was let 
out. At the end of the line the boat was stopped and securely 
anchored. The trawl was then pulled over the bottom by hand 
toward the boat and against the anchor. This procedure insured 
that the trawl did not "skip" over the bottom and that it covered 
the same, known distance for each sample. In this way samples 
were standardized and the distribution of many species could be 
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quantified in terms of relative densities per given area of 
bottom. 
Paired trawl samples were obtained from 17 stations through-
out the anchorage (Figure IE). Seasonality was gauged by 
replicate sampling of these stations during January, March, July, 
September, and December. Diurnal differences at each station 
were quantified by taking one pair of samples both day and night. 
All sampling was done at high tide. 
Due to logistical problems all stations could not be 
sampled within the same 24-hour cycle; therefore, the maximum 
period for sampling all stations was two weeks. 
Approximately 350 individual trawl samples were obtained 
during 1971. Limitations of manpower and the time shortage 
before power plant construction resulted in much of the effort 
being directed toward sampling. The bulk of the material 
collected remains for sorting and future analysis. 
2. Bottom sampler 
The recent literature abounds with descriptions and 
critiques of bottom samplers. Several reviews of bottom samplers 
have been published, notable among these are Hedgpeth (1957), 
Hopkins (1964), and Holmes (1964). A number of recently 
developed samplers have come into popular use, e.g., the Ponar, 
Shipek, and Smith-McIntyre bottom samplers. However, a general 
survey of these and other mechanical bottom samplers avail-
able indicates that most have serious drawbacks for quantitative 
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BENTHOS SAMPLER 
Designed for sampling in seagrass communities 
biological sampling. This is especially true in rooted sub-
marine plant communities such as seagrasses. At present, 
these environments must be sampled by diver-operated, hand-held 
coring and plug devices • . The only mechanical sampler developec 
specifically for seagrasses is that of O'Gower and Wacawsey 
(1967). This sampler, however, is rather awkward to use and 
can be used effectively only in waters less than one meter in 
depth. 
The specifications for a good biological sampler are out-
lined as follows according to Brinkhurst (1962) and Hopkins (1964): 
1) minimum number of working parts~ 2) sturdy~ 3) not awkward, 
or dangerous~ 4) sufficient penetration into sediment~ 5) all 
sediment depths penetrated, sampled equally~ 6) complete enclosure 
of sample to ensure that animals are not lost~ and 7) no pressure 
wave buildup as sampler descends. 
With these criteria in mind, an experimental design was 
developed for a simple, efficient, mechanical bottom sampler 
for shallow water seagrass communities. The first operational 
model is shown in Figure 2E. Its construction is similar to that 
of a post hole digger or oyster tongs. It is driven into the 
sediment through vegetative rhizomes by hand. Using the handles, 
the sample is slightly compressed and broken free from the 
bottom. The sample is brought to the surface via the handles 
for treatment. The sample itself is a well-formed plug that 
comes to the surface complete with undisturbed vegetation and 
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water. The present model samples a bottom surface area of 
15 x 15 em. Other test models have sampled areas as large as 
25 x 25 cm. Penetration has been successful to 35 cm, though 
present samples are limited to a 15 cm depth. The most success-
ful use has been from a small boat in shallow water. 
Density and biomass of vegetation and organisms are 
measured from samples obtained. Each sample is divided 
roughly into two major components, (1) epifauna and flora 
found on and immediately above the sediment and (2) in-sediment 
material including fauna and plant roots and rhizomes. Epifauna 
and flora are removed from the sampler immediately after the 
device is brought on board. Seagrass leaves are first clipped 
off and removed along with the algae. Epibenthic fauna are 
then removed using a small aquarium net which is "passed" through 
the water column remaining in the sampler. A removable net 
across the top of the sampler retains these organisms while 
the sample is being taken. After the epibenthos are removed 
the sediment is sieved through a 500 micron mesh screen for 
in-sediment biota. 
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RESULTS AND DISCUSSION 
Anclote River Diplanthera Community 
At the mouth of the Anclote River a seagrass bed dominated 
by Diplanthera wrightii Ascherson was examined (Figure 3E). The 
bed is essentially a pure stand and is relatively isolated 
from other grass beds. It is bounded to the south by the 
river channel and to the west by a sandy delta associated with 
the mouth of a tidal creek. This creek drains a marsh at the 
southwestern corner of the Florida Power Corporation Anclote 
site. Boundaries on the northern and eastern shorelines are 
dominated by black mangroves. Water depth over the Diplanthera 
bed is shallow and uniform, seldom deeper than one meter. 
During low tide most of the grass bed is exposed and thus 
temperatures and salinites are variable. Salinities fluctuate 
with rainfall and river flow, and temperature correlates with 
time of year and degree of exposure. Sediment temperatures 
10 em below the surface were 11.0°C during February 1971 and 
31.0°C during July and October. Bottom salinities were observed 
to vary between 31.4 0/00 in July and 10 0/00 in September. 
The seasonal effect of environmental conditions on Diplanthera 
is considerable (Table IE). 
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Date 
29 Mar 71 
29 Jul 71 
29 Jan 72 
TABLE IE 
Seasonal changes in shallow water Diplanthera near the 
Anclote River Mouth 
*Nurnber of 
Emergent Stems 
o 
6,784 
5,284 
*Nurnber 
Leaves 
o 
20,352 
15,852 
*Leaf 
Weight 
527.5g 
17.3g 
*Root 
Weight 
382.0g 
47.5g 
*Averages c alculated on square meter basis. 
Av. Leaf 
Length 
14.5-24.5cm 
0.7-2.8cm 
During March 1971, the flat was barren, devoid of evident vege-
tation. New growth of Diplanthera began in April. By June and 
July it had achieved maximum growth and appeared to maintain this 
throughout the summer into early fall. Decline in Diplanthera 
leaf biomass was observed during November and coincided with shorter 
day l e ngth and lower temperatures. (A study is in progress whi ch 
will examine the relationship between Diplanthera biomass and tem-
perature, salinity and bottom illumination.) This decline continued 
until January 19 72 when total plant biomass (less rhizomes and roots) 
was less than one-tenth previous summer levels. 
The fauna associated with Diplanthera was determined from 
18 trawl samples taken as previously described. Polychaetes, 
mollus cs , decapod crustaceans and mysids made up the bulk of ~1e 
fa un a. Amphipods and isopods were also numerous, but not examined 
further due to taxonomic problems. Hopefully, these will be 
include d in f uture work. Other groups present in lesser abundance 
were ophiuroids , sipunculoids, and rhynchocoels. 
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A characteristic feature of the Diplanthera community at the 
river mouth appears to be a pattern of relatively low species 
numbers (Table lIE) with high densities for a few species. 
TABLE lIE 
Molluscs, Polychaetes, and Decapod Crustacean species in a 
Diplanthera bed at the mouth of Anclote River 
Location Polychaetes Molluscs Decapoda 
*Di~lanthera 23 48 19 
at river mouth 
**Anclote 67 121 47 
Anchorage 
*Taken from eighteen trawls through 1971 
**Species numbers based upon samples examined to date (Dec. 1971); 
undoubtedly these values will increase when remaining and 
future samples are examined. 
Decapod shrimps exhibited this distribution pattern parti-
cularly well. At the river mouth only six species were recurrent, 
while in the neaby anchorage 19 species were regularly encountered. 
Four species accounted for over 99% of all shrimp taken in the 
Diplanthera community (Table IIIE). 
The pattern was even more graphic among mysid distribution 
(Table lVE). Of three species taken, only one, Taphromysis 
bowmani was consistently abundant. 
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Species 
TABLE !IIE 
Relative shrimp densities determined from eighteen trawls 
in Diplanthera at the mouth of Anclote River (1971) 
(Per 30 m2 ) 
Jan. Mar. July Sept. Dec. Total % 
Palaemonetes intermedius 231 15 5,415 1,959 2,220 9,840 81. 7 
Hippolyte pleuracantha 170 1 216 1 1,092 1,480 12.3 
Penaeus duorarum 98 1 139 68 32 338 2.8 
Ambidexter symmetricus 8 0 3 0 282 293 2.4 
A1Eheus heterochaelis 0 0 49 0 2 51 0.4 
Pe riclimenes longicaudatus 1 1 2 0 25 29 0.2 
Tozeuma carolinense 1 1 2 2 6 12 0.1 
Thor floridanus 0 1 0 0 0 1 0.1 
Latreutes sp. 0 0 1 0 0 1 0.1 
12,045 
Two causal factors are probably involved in the dominance 
by a few species and relatively low species numbers. First, this 
shallow water estuarine environment exhibits extreme variability 
in water temperature and salinity and in degree of tidal exposure. 
The second factor is homogeneity o f the habitat. The bottom is 
level and uniformly covered with Diplanthera. Both factors would 
appear to have a limiting effect on the number of species utilizing 
this environment. Another principal variation is related to the 
alternating seasonal growth and dormancy of Diplanthera. This 
annual periodicity also appears to have some effect on species 
composition and density. 
Data on polychaete abundance presented in Table VE should be 
interpreted with caution because of the sampling method. Burrowing 
species were poorly sampled by the trawl. For example, Arenicola 
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cristata which i s quite abundant in the community, as indicated 
by occurrence of its burrow mounds and egg masses, was very in-
frequent in trawl samples. The data do indicate, howeve r, 
TABLE lVE 
Relative Mysid densities determined from eighteen trawls in 
in Diplanthera at the mouth of Anclote River (1971) 
(Per 30 m2 ) 
Species Jan. Mar. July Sept. Dec. 
Taphromysis bowmani 688 273 183 188 1,402 
Gastrosaccus dissimilis 2 0 0 2 0 
Mysidopsis bigelowi 0 0 0 32 0 
TABLE VE 
Polychaetes taken from eighteen trawls in Dip1anthera at the 
mouth of Anclote River (1971) 
Species 
Po1ynoidae 
Eucranta sp. 
Phy11odocidae 
Nereiphy11a paretti 
Syllidae 
(unidentified species) 
Nereidae 
Ceratonereis mirabilis 
Laeonereis culveri 
Nereis sp. 
Platynereis durnerilii 
Goniadidae 
(unidentified species) 
Onuphidae 
Onuphis eremita oculata 
Occurrence 
Rating 
o 
o 
A 
o 
C 
A 
A 
A 
C 
Species 
Paraonidae 
Aricidae sp. 
Spionidae 
(unidentified species) 
Dispio sp 
Po1ydora ligni 
Prionospio heterobranchia 
Capitellidae 
Capitella capitata 
Arenicolidae 
Arenicola cristata 
Maldanidae 
C1ymenel1a mucosa 
Pectinariidae 
Pectinaria gou1dii 
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Occurrence 
Rating 
o 
C 
o 
A 
A 
C 
o 
c 
A 
TABLE VE (Continued) 
Species 
Occurrence 
Rating Species 
Occurrence 
Rating 
Lumbrineridae 
Lumbrineris bossi 
Orbiniidae 
Scoloplos sp. 
C 
Terebellidae 
Prista palmata 
Sabellidae 
(unidentified speciea) 
Serpulidae 
Spirorbis sp. 
A = Abundanti C = Common; 0 = Occasional. 
that most polychaete species taken were also numerically abundant. 
o 
C 
C 
Nereids, syllids, and spionids (Table VE) were among the best represented 
and more consistently occurring families. 
Molluscs as a group contained the largest number of species 
(Table VIE). Unlike polychaetes, however, most molluscs were not 
present in high numbers. Of 48 species identified, only 10 were 
abundant throughout the year. These were Bittium varium, Mieoceras 
nitidum, Mitrella lunata, Nassariu~ vibex, Olivella mutica, 
Prunum apicinum, Pyrgocythara plicosa, Anomalocardia cuneimeris. 
Brachiodontes exustus and Tellina tampanensis. Several species 
were abundant only at certain times during the year. Argopecten 
irradians concentricus and Laevicardium mortoni exhibited such 
seasonality. Argopecten adults were not found in the community. Chione 
cancellata was abundant only during warm months and as with Argopecten 
only juveniles were present in the samples. 
160 
TABLE VIE 
Mollus cs taken from eighteen t r awls in Diplanthera a t the 
mouth of Anclote Rive r (1971) 
Occurrence 
Specie s Jan. Mar . July Sept. Dec. Rating 
Neretidae 
Neri tina r eclivat a X 0 
Rissoi dae 
Ri s soi na catesbyana X X X C 
Vi tri nellidae 
Vi trinella sp. X 0 
Caecidae 
Caecum floridanum X X X X C 
Meioceras niti dum X X X X X A 
Modulidae 
Modulus modulus X X 0 
Ceri thiidae 
Bi ttium varium X X X X X A 
Ceri thium muscarum X 0 
Epi toni i dae 
Epitonium r upicola X 0 
Calyptraeidae 
Crepidul a maculosa X X X C 
Nati cidae 
Natica pusilla X 0 
Polinces dU12licatus X 0 
Columbellidae 
Anachis iontha X X 0 
Anachis obesa X 0 
Anch i s semi12licata X X X C 
Mi trella lunata X X X X X A 
Nassari idae 
Nassarius vibex X X X X X A 
Olivi dae 
Olivella mutica X X X X X A 
Marginellidae 
Bullata ovuliformis X X X C 
Marginella eburneola X X 0 
Prunum a12icinum X X X X X A 
Te r ebridae 
Te rebra protexta X 0 
Tur ridae 
Ce rodrilla 12erryae X 0 
Monilis12ira leucoc:r:ma X 0 
P:r:rsocythara Elicos a X X X X X A 
Bullidae 
Bulla occidentalis X X X C 
Atyi dae 
Haminoea antillarum X X 0 
Haminoea succi nea X X X X C 
Retusidae 
Retusa canaliculata X X X C 
Aplysiidae 
Bursatella leachi plei X 0 
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TABLE VI E (Continue d) 
Occurrence 
Species J an . Iv! ar. July Sept. Dec. Rating 
Pyramide l lidea 
Pyramide ll a sp . X X X C 
Odostomi a seminud a X X 0 
Arcidae 
Anadara transversa X 0 
t1ytilidae 
Amygdalum papyria X X X X C 
Brachidontes exus tus X X X X X A 
Liobe rus castan eus X X 0 
f1 us cu lus l ate r a lis X X X C 
Pectinidae 
ArS!o12e cten irradians X X X C 
concentri c us 
Li mida e 
Lima 
- --
pellucida X 0 
Ostraidae 
Crassostrea virginica X X 0 
Cariidae 
Laevicardium mortoni X X X C 
Veneridae 
Anoma loc ardia c uneimerius X X X X X A 
Ch ione cance llata X X X C 
Gemma ge mma X X C 
Te llinidae 
Te llina a ltern a ta X X X C 
Te llina tampaensis X X X X X A 
Mac tridae 
S.I2isula solidissima X 0 
Lyonsiidae 
Lyons ia hyalina floridana X X 0 
Groups of th e crustacea were among the least diverse of any found 
in the c ommunity (Tables IIIE, lVE). Their numbers, nonetheless, among 
a few spec i e s were very high (Tables IIIE and lVE) indicating ability 
for h ab ita t utilization. Four s pec i e s, numerically, made up 99.2% of the 
s hrimp fauna. Th ese were Palaemonetes intermedius (81.7%), Hippolyte 
pleurancantha (12 . 3% ), Penaeus duorarum (2.8%), and Ambidexter symmetricus 
(2 .4%) . These same species constituted 99.5% of the biomass (Table VII), 
i . e . Pa lae monetes intermedius (80.7 %), Penaeus duorarum (12.2%), 
Ambidexter symmetricus (3.4%) and Hip.l201yte .l21euracantha (3.2%). 
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TABLE VIlE 
Relative shrimp biomass from Diplanthera beds at the mouth 
of Anclote River (1971) 
(gms. dry wgt. /30 m2 ) 
Species Jan. Mar. July Sept. Dec. Total % 
Palaemonetes 1. 41 0.04 53.09 13.54 4.32 72.49 80.7 
intermedius 
Penaeus 0.6 0.03 1. 57 2.46 6.30 10. 9 6 12.2 
duorarum 
Ambidexter 0.13 0.00 0.01 .00 2.9 3.04 3.4 
symmetricus 
Hi.e,eol;tte 0.30 0.01 1.13 0.01 1.4 2.85 3.2 
pleuracantha 
Periclimenes 0.01 0.01 0.01 0.01 0.15 0.19 0.2 
longicaudatus 
Alpheus 0.01 .00 0.17 .00 0.01 0.19 0.2 
heterochaelis 
Tozeuma 0.01 0.01 0.01 0.01 9.01 9.05 0.1 
carolinense 
Thor .00 0.01 .00 .00 .00 0.01 0.1 
floridanus 
Latreutes sp. .00 .00 0.01 .00 .00 0.01 0.1 
89.70 
Of the infrequent species, Al,eheus heterochaelis was probably 
undersampled due to its burrowing behavior and it may be much 
more abundant than indicated. The remaining species, however, 
were marked by extremely low densities and infrequent occurrences 
and were therefore considered to be of minor importance to 
overall biomass. 
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Two of these species are abundant in other areas of the anchorage: 
Periclemenes americanus from clear sandy bottoms and Tozeuma 
carolinensis from seagrass beds of deeper water. 
Palaemonetes intermedius dominated the shrimp fauna. Its 
density and biomass far exceeded that of all other species. 
There appears to be a direct relation between Diplanthera 
growth and standing crop and Palaemonetes seasonal density 
and biomass. The lowestPalaemonetes densities occurred 
during March when Diplanthera leaves were absent. Highest 
densities occurred when Diplanthera reached its maximum 
growth. Densities during July were approximately 180 
Palaemonetes per square meter. These densities were very 
high considering that the trawl efficiency, as determined by 
Allen and Hudson, 1970 was only 60 to 80%. Assuming trawl 
efficienty of 70%, absolute density of Palaemonetes in the 
Diplanthera community during July was 259 individuals per square 
meter. The corresponding biomass was 2.5 grams dry weight per 
square meter. 
Palaemonetes intermedius appears to complete its life cycle 
within the Diplanthera study area, as all stages of develop-
ment were found. Large numbers of ovigerous females representing 
one-fifth to one-third of the population were present during 
the warm months. No ovigerous females were encountered during 
December. High densities and productivity of Pa1aemonetes 
intermedius found here and in other studies (Odum, 1970) 
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indicate that this species is very important in the food web 
of certain estuarine environments. 
The Penaeus duorarum population consisted primarily of post-
larval juveniles smaller than 35mm total length. The only 
adult size (Farfante, 1969) individuals were taken during 
December. The larger individuals (50mm and above) of the 
population were taken more often at night indicating preferred 
nocturnal activity. From July through December Penaeus 
abundance slowly decreased (Table IIIE) while total biomass 
(Table VIlE) increased, indicating growth of individuals in 
the population. Influx of juveniles into the population began with 
the late winter and early spring spawn, and continued through 
the summer. The Diplanthera habitat appears to be very im-
portant to small post larval pen aids (Eldred et al., 1961). Small 
shrimp enter the comm·unity at sizes smaller than 10mm total 
length and there grow to 30 to 40mm. Upon attaining these 
larger sizes they leave, apparently moving to deeper water 
seagrass beds where they grow to maturity. 
The mysid, Taphromocsis bowmani was another important and 
characteristic species of the Diplanthera community. This mysid 
occurred repeatedly in large numbers (Table VIllE). A seasonal 
fluctuation in abundance was noted with highest densities 
occurring during the colder months. The density peak in 
December 1971 was estimated at 90 individuals per square meter. 
Their biomass was 0.06 grams per square meter. Unlike many other 
species,abundance did not correlate with the growth of Diplanthera. 
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TABLE VIIIE 
Relative mysid densities determined from eighteen trawls in 
Diplanthera at the mouth of Anclote River (1971) 
(per 30 m2) 
Species Jan. Mar. July Sept. Dec. 
Taphromysis bowrnani 688 273 183 188 1,402 
Gastrosaccus dissrniilis 2 0 0 2 0 
Mysidopsis bigelowi 0 0 0 32 0 
The dominant crabs taken from the community were Callinectes 
sapidus, Libinia dubia, Neopanope texana, Menipe mercenaria, 
Pagurus longicarpus, Pagurus policaris, and Pagurus bonariensis. 
All Callinectes sapidus obtained in regular sampling were juveniles 
of smaller size classes (less than SOmrn maximum width). Their 
abundance (Table IXE) like that of Penaeus duorarurn, indicates 
the value of this community as a nursery. 
TABLE IXE 
Juvenile Callinectes sapidus taken from eighteen trawls in 
Diplanthera at the mouth of Anclote River (1971). 
Carapace 
Width Jan. Mar. July Sept. 
10rnrn 19 0 7 73 
]O-30mrn 2 1 1 8 
30-S0mrn 2 0 2 1 
SOrnrn 0 0 1 0 
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Dec. 
2 
12 
2 
0 
SUMMARY 
In a shallow water Diplanthera b e d at the mouth of An c lote 
River near the proposed Florida Power Corporation plant intake 
canal: 
1. Sediment temperatures 10 cm below the surface ranged from 
11 ° C in February to 31°C in July, salinity from 31.4 0/00 
in July to 10 0/00 in September, and wat2r depth from one 
meter to complete tidal exposure. 
2. Diplanthera showed marked seasonality in its growth; lowest 
leaf biomass was found in March, and greatest in July . 
3. The faunal components of the river mouth grass bed appeared 
to differ from those of the anchorage in terms of spe cies 
numbers and abundance. The river mouth was characterized by 
high biomass and abundance of organisms with a relatively 
low number of species present. 
4. Large numbers of commercially important pink shrimp, Penaeus 
duorarum and blue crabs Callinectes sapidus, particularly 
juveniles, were present throughout the year. 
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POLYCHAETES, MOLLUSCS AND 
CRUSTACEANS FROM ANCLOTE ANCHORAGE 
PHYLUM: ANNELIDA 
CLASS: POLYCHAETA 
ERRANTIA 
polynoidae 
Eucranta sp. 
Harmothoe sp. 
Harmothoe aculeata Andrews 
Phyllodocidae 
Eteone sp. 
Eteone alba Webster 
Eteone heteropoda Hartman 
NereiphyUa fragilis (Webster) 
Nereiphylla paretti Blainville 
Hesionidae 
Gyptis vittata Webster & Benedict 
Syllidae 
Brania sp. 
Exogone dis par (Webster) 
Sphaerosyllis sp. 
Typosyllis sp. 
Nereidae 
Ceratonereis mirabilis Kinberg 
Laeonereis culveri (Webster) 
Nereis sp. 
Nereis phylla paretti 
Nereis succinea Frey & Leuckart 
Platynereis dumerilii (Audouin & Milne-Edwards) 
Glyceridae 
Glycera americana Leidy 
Glycera dibranchiata Ehlers 
Goniadidae 
Goniadella sp. 
Onuphidae 
Diopatra cuprea (Bosc) 
Onuphis eremita oculata Hartman 
Onuphis magna (Andrews) 
Eunicidae 
Marphysa sanguinea (Montagu ) 
Lumbrineridae 
Lumbrineris sp. 
Lumbrineris bassi Hartman 
Lumbrineris branchiata Treadwell 
SEDENTARIA 
Orbiniidae 
Naineris sp. 
Scoloplos fragilis (Verrill) 
Scoloplos robustus (Verrill) 
Scoloplos rubra (Webster) 
Paraonidae 
Aricidea sp. 
Aricidea fragilis Webster 
Spionidae 
Polydora commensalis Andrews 
Polydora ligni Webster 
Polydora websteri Hartman 
Prionospio pinnata Ehlers 
Prionospio sp. 
Prionospio heterobranchia Moore 
Spiophanes bombyx (Claparede) 
Magelonidae 
Magelona pettiboneae Jones 
Chaetopteridae 
Chaetopterus variopedatus (Renier) 
Cirratulidae 
Cirri~ormia filigera (delle Chiaje) 
Dodecaceria concharum Oersted 
Tharyx dorsobranchialis (Kirkgaard) 
* This checklist is presented as a master for species identified 
from samples to date (Dec. 1971). It will be expanded to include 
additional species and other groups as work progresses. 
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Polychaetes 
Capitellidae 
Capitella capitata (Fabricius) 
Heteromastus filiformis (Claparede) 
Notomastus sp. 
Notomastus latericeus Sars 
Arenicolidae 
Arenicola cristata Stimpson 
Maldanidae 
Clymenella mucosa (Andrews) 
Pectinariidae 
Pectinaria gouldii Verrill 
Ampharetidae 
Melinna maculata Webster 
Terebellidae 
Loimia medusa (Savigny) 
Pista palmata (Verrill) 
Sabellidae 
Chone duneri Malmgren 
Chone infundibuliformis Kroyer 
Fabricia sp. 
Hypsicomus sp. 
Hypsicomus torquatus (Grube) 
Sabella microphthalma Verrill 
Serpulidae 
Eupomatus sp. 
Spirorbis sp. 
Spirorbis spirillum Morch 
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PHYLUM: MOLLUSCA 
CLASS: GASTROPODA 
SUBCLASS: PROSOBRANCHIA 
ARCHAEOGASTROPODA 
Turbinidae 
Turbo castanea Gmelin 
Neritidae 
.-
Neritina virginea Linne 
MESOGASTROPODA 
Littorinidae 
Littorina irrorata (Say) 
Littorina angulifera~amarck) 
Rissoidae 
Rissoina catesbyana Orbigny 
Caecidae 
Caecum pulchellum Stimpson 
Meioceras ni tidum (Stimpson) 
Modulidae / 
Modulus modulus ~inne) 
Potamindidae 
Batillaria minima ~melin) 
Cerithiidae 
Bi ttium varium (pfeiffer) 
Cerithiopsis bicolor (C. B. Adams) 
Cerithiopsis greeni C. B. Adams 
Cerithium muscarum Say 
Triphoridae 
Triphora st. 
Epi toniidae 
Epitonium rupicola~urtz) 
Calyptraeidae , 
Crepidula fornicata~inne) 
Crepidula maculosa Conrad 
Crepidula plana Say 
171 
strombidae 
Strombus alatus Gmelin 
Naticidae 
Natica pus ilIa Say 
Polinices duplicatus(Say) 
Sinum perspectivum(Say) 
NEOGASTROPODA 
Muricidae 
Eupleura sUlcidentata Dall 
Murex cellulosus Conrad 
Murex dilectus A. Adams 
Murex pomum Gmelin 
Thais haemastoma haysae Clench 
Urosalpinx perrugata(Conrad) 
Urosalpinx tampaensis (Conrad) 
Columbellidae 
Anachis iontha (Ravenel) 
Anachis obesa C. B. Adams 
Anachis semiplicata (Stearns) 
Mitrella lunata (Say) 
Melongenidae 
Melongena corona (Gmelin) 
Busyconiidae 
Busycon contrarium (Conrad) 
Busycon spiratum (Lamarck) 
Nassariidae 
Nassarius vibex Say 
Fasciolariidae 
Fasciolaria hunteria (Perry ) 
Fasciolaria tulipa (Linne) 
Olividae 
Oliva sayana Ravenel 
Olivella sp. 
Olivella mutica(Say) 
Molluscs 
Marginellidae 
Bullata ovuliformis prbigny) 
Marginella sp. 
Marginella aureocincta Stearns 
Marginella eburneola Conrad 
Prunum minuta (Pfeiffer) 
Prunum apicinurn (Menke) 
Conidae 
Conus jaspideus Gmelin 
Terebridae 
Terebra dislocata Say 
Terebra protexta Conrad 
Turridae 
Cerodrillia perryae Bartsch & Rehder 
Monilispira leucocyma (Dall) 
Pyrgocythara plicosa (C. B. Adams) 
SUBCLASS: OPISTHOBRANCHIA 
TECTIBRANCHIA 
Bullidae 
Bulla occidentalis A. Adams 
Atyidae 
Haminoea antillarurn Orbigny 
Haminoea succinea (Conrad) 
Retusidae 
Retusa canaliculata (Say) 
Aplysiidae 
Bursatella leachi plei Rang 
Pyramidellidae 
Odostomia sp. 
Odostornia impressa (Say) 
Odostomia seminuda C. B. Adams 
Pyramidella crenulata (Holmes) 
Turbonilla sp. 
Turbonilla dalli Bush 
SUBCLASS: PULMONATA 
BASOMMATOPHORA 
Ellobiidae 
Melampus bidentatus Say 
Melampus coffeus Linne 
CLASS: AMPHINEURA 
LEPIDOPLEURA 
Crytoplacidae 
Acanthochitona sp. 
Ischnochitonidae 
Ischnochiton papillosus (C. B. Adams) 
CLASS: SCAPHOPODA 
Dentaliidae 
Dentalium laqueatum Verrill 
CLASS PELECYPODA 
P ROTOBRANCHIA 
Nuculidae 
Nucula proxima Say 
Nuculanidae 
Nuculana concentrica (Say) 
Arcidae 
Anadara transversa (say) 
Noetia ponderosa (Say) 
Mytilidae 
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Amocgdalum papyria (Conrad) 
Brachidontes exustus (Linne) 
Lioberus castaneus Say 
Modiolus americanus (Leach) 
Modiolus demissus (Dillwyn) 
Musculus lateralis Say 
Molluscs 
Pinnidae 
Atrina rigida (Lightfoot) 
Pectinidae 
Argopecten irradians concentricus (Say) 
Limidae 
Lima pellucida C. B. Adams 
Anomiidae 
Anomia simplex Orbigny 
Ostreidae 
Crassostrea virginica (Gmelin) 
EULAMELLIBRANCHIA 
Carditidae 
Cardita floridana Conrad 
Venericardia tridentata (Say) 
Lucinidae 
Codakia orbicularis Linne 
Lucina amiantus Dall 
Lucina floridana Conrad 
Lucip.a sp. 
Phacoides nassula (Conrad) 
Phacoides pectinatus (Gmelin) 
Cardiidae 
Dinocardium robustum (Lightfoot) 
Laevicardium mortoni (Conrad) 
Trachycardium egmontianum (Shuttleworth) 
Veneridae 
Anomalocardia cuneimeris (Conrad) 
Chione cancellata (Linne) 
Cyclinella tenius (R'ecluz) 
Dosinia discus (Reeve) 
Gemma gemma (Totten) 
Macrocallista nimbosa (Lightfoot) 
Mercenaria campechiensis (Gmelin) 
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Tellinidae 
Macoma sp. 
Tellina alternata Say 
Tellidora cristata Recluz 
Tellina tampaensis Conrad 
Donacidae 
Donax variabilis Say 
Sanguinolariidae 
Tagelus divisus Spengler 
Solenidae 
Ensis minor Dall 
Mactridae 
Spisula solidissima Dillwyn 
Lyonsiidae 
Lyonsia hyalina floridana Conrad 
SEPTIBRANCHIA 
Cuspidariidae 
Cardiomya sp. 
Cuspidaria gemma (Verrill and Bush) 
CLASS: CEPHALOPODA 
OCTOPODA 
Octopodidae 
Octopus joubinia Robson 
DECAPODA 
Loliginidae 
Lolliguncula brevis (Blainville) 
PHYLUM: ARTHROPODA 
CLASS: ME ROSTOMATA 
SUBCLASS: XIPHOSURIDA 
Limulus polyphemus (Linnaeus) 
CLASS: CRUSTACEA 
SUBCLASS: OSTRACODA 
(Future treatment) 
SUBCLASS: MALACOSTRACA 
ISOPODA 
(Future treatment) 
AMPHIPODA 
(Future treatment) 
DECAPODA 
Penaeidae 
Penaeus duorarum duorarum Burkenroad 
Trachypenaeus constrictus (Stimpson) 
Trachypenaeus similis (Smith) 
Sicyonia sp. 
Palaemonidae 
Palaemon floridanus Chace 
Palamonetes intermedius Holthuis 
Palaemonetes pugio Holthius 
Palaemonetes vulgaris (Say) 
Periclimenes americanus (Kingsley) 
Periclimenes longicaudatus (Stimpson) 
Alpheidae 
Alpheus Heterochaelis Say 
Synalpheus sp. 
Hippolytidae 
Hippolyte pleuracantha (Stimpson) 
Hippolysmata wurdemanni (Gibbes) 
Latreutes fucorum (Fabricius) 
Tozeuma carolinense Kingsley 
Thor floridanus Kingsley 
Processidae 
Ambidexter symmetricus Rouse 
Processa sp. 
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Callianassidae 
Callianassa sp. 
Upogebis affinis (Say) 
Porcellanidae 
Petrolisthes armatus Gibbes 
Diogenidae 
Paguristes sp. 
Petrochirus bahamensis (Herbst) 
Paguridae 
Clibanarius vittatus (Bosc) 
Pagurus bonairensis Schmitt 
Pagurus impressus (Benedict) 
Pagurus longicarpus Say 
Pagurus pollicaris Say 
Dromiidae 
HYpoconcha arcuata Stimpson 
Leucosiidae 
Persephona punctata aquilonaris Rathbun 
Calappidae 
Osachila tuberosa Stimpson 
Hepatus epheliticus (Linnaeus) 
Portunidae 
Callinectes sapidus Rathbun 
PortUDus gibbesii (Stimpson) 
Xanthidae 
EUrypanopeus depressus (S. I. Smith) 
Menippe mercenaria (Say) 
Neopanope texana texana (Stimpson) 
pilumnus sayi Rathbun 
Pinnotheridae 
Pinnixa sp. 
Pinnotberes maculatus Say 
Pinnixa chaetopterana Stimpson 
Decapod Crustaceans 
Ocypodidae 
Uca pugilator (Bose) 
Majidae 
Libinia dubia H. Milne-Edwards 
Libinia emarginata Leach 
Macrocoeloma camptocerum (Stimpson) 
Metophorhapis calcarata (Say) 
Mithrax hispidus (Herbst) 
Pitho sp. 
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Ronald C. Baird 
Kenneth Rolfes 
Billy Causey 
William Fable 
Andy Feinstein 
Dean Milliken 
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INTRODUCTION 
This report is based on 227 collections made in the 
vicinity of the Anclote River during a period from August 
1970 to November 1971. It includes information on seasona-
lity, distribution, catch per unit effort, density, diversity 
and species composition of fish in the Anclote estuary and 
anchorage. Much of the data has appeared in condensed form 
in Technical Reports 6 and 11 submitted to Florida Power 
Corporation. 
The results presented in this report are limited due to 
restrictions of time and manpower. However, gross trends can 
be appreciated and the results include much valuable baseline 
data prior to power plant construction. More detailed analysis 
will be made as computer techniques become available. 
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METHODS 
In the early phase of the Anclote fish program, sampling 
strategy was designed to investigate the major marine habitats 
in the Anclote region and to test different fishing techniques 
and gear. 
Various methods and procedures were utilized in developing 
a systematic sampling program. Collections comprised in this 
report can be divided into 3 categories: spot samples taken 
in the early phase of the study; samples taken at permanent 
stations established so as to contrast grass and sand commu-
nities (Figure IF) and provide baseline data prior to construc-
tion; and those samples taken from bayou "F" known colloquially 
as "Dead Fish Pass" (Figure IF). 
Sampling procedure has varied with each of 4 methods employed. 
Collections from the bayou (Figure IF) were taken quarterly from 
26 February 1971 to 6 October 1971. The collections were made 
with a Fyke net set near the mouth of the bayou at maximum high 
tide. The Fyke net (whose dimensions are given in Table IF) is 
made up a series of funnel traps of decreasing size that open 
into a large holding bag. It has a net attached to each side 
which is extended to shore. This blocks the bayou entrance. 
During extreme low tides most of the fish are caught in the net 
as the bayou drains. 
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A second method employs stationary sets made with 9lm 
trammel nets (Table IF). The nets are set in a straight line 
with the direction of the wind and fished for a given period of 
time. During preliminary sampling the trammel was fished for 
periods ranging from 1 to 3 hours. Analysis of data indicated 
that a set of 45 minutes was a good compromise between sample 
size and sampling time. Time is recorded from end of set to 
beginning of haul. A 2.44m (deep) net is used at stations in 
deeper water, while a 1.22m (deep) net is used in the shallows. 
The trammel net samples larger individuals in open water habitats, 
and is particularly effective in sampling sharks. 
Try net (3m otter trawls, Table IF) are used to sample 
smaller, benthic species. In the early part of the program, 
trawls ranging from 5 to 15 minutes in duration were conducted 
in various habitats. 
A monthly program of day-night sampling, at 4 permanent 
stations, (Figure IF) includes both trammel net and trawl. 
At each station the trammel net is fished for 45 minutes. During 
this time a trawl haul (parallel to the trammel) is made on each 
side and at a distance of 75m from the trammel. This procedure 
is repeated at every station for each sampling period (day or 
night) totaling 2 trammels and 4 trawls each. 
A 45.7m long bag seine was used on open beaches for making 
drags parallel to shore. The method is used for sampling fast-
moving, near-shore species. In areas where seining is restricted 
by obstacles, shorter seines of 7.6 and 15m were used. 
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Physical data including such parameters as water temperature, 
depth, salinity (refractive method), wave height and direction, 
wind speed and direction, precipitation, and cloud cover were 
recorded for each collection. 
Most fish collected were returned to the laboratory, 
counted and measured, and kept for future reference. A benthic 
frame dredge and small seines were used for sampling juveniles. 
Manpower and time limitations prevent detailed presentation of 
this data here. 
A more rigorous sampling program will be initiated for 1972 
(Table SF). Quadrats (81m2) will be taken quarterly at a station 
to be determined. The quadrat will consist of four 9m long nets 
hung from prepositioned poles. The nets will be dropped simulta-
neously into the water. The enclosed area will be seined and 
cleared of fish. 
Another method will be systematic seining at 6 predetermined 
stations. At each station two 30m long drags will be made 
perpendicular to shore. The type of seine to be used at each 
of the six stations will be determined later. The types of 
seines presently used are listed in Table IF. 
Trawling transects will be also initiated in 1972. Trawls 
using the try net will be made at 7 stations across the Anclote 
Anchorage. The trawls will start at Dutchman Key, proceed to 
marker number 3 and extend to the Radar Station (Figure IF). 
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Gear Type 
Otter Trawl 
(Commercial 
Try Net) 
Seine (Minnow 
Seine) 
Seine 
Seine 
Bag Seine 
Quadrant 
Trammel Net 
(Deep) 
Trammel Net 
(Shallow) 
Fyke Net 
TABLE IF 
FISHING GEAR 
Metric Dimensions 
3.05m x 3.5cm, 
Stretch Nylon 
4.57m x .91m x .65cm, 
Stretch Cotton 
7.62m x 1.22m x 1.27cm, 
Stretch Nylon 
15.24m x 1.S2m x 1.27cm, 
Stretch Nylon 
45.7m x 2.43m x 1.92cm, 
Stretch Nylon 
4 sections each 
10.5m x 1.S2m x 1.27cm, 
Stretch Nylon 
91.44m x 2.43m x 5.0Scm 
Stretch Inner Layer, 
30.4Scm Stretch Outer Walls (2), 
Nylon 
91.44m x 1.22m x 5.0Scm 
Stretch Inner Layer, 
30.4Scm Stretch Outer Walls (2), 
Nylon 
5 Chamber Funnel Trap, 
1.22m x 1.22m Mouth, 
2.54cm Stretch Nylon, 
Wings 7.62m x 1.22m x 2.54cm 
Stretch 
(wings not used at present) 
lSI 
English System 
Dimensions 
10', 13/S", 
Stretch Nylon 
IS' X 3' X 1/4", 
Stretch Cotton 
25' X 4' x 1/2", 
Stretch Nylon 
50' X 6' X 1/2", 
stretch Nylon 
ISO' X S' X 3/4", 
Stretch Nylon 
Each section 
33' x 6' x 1/2", 
Stretch Nylon 
300' X S' X 2" 
Stretch Inner, 
12" Stretch Outer 
Walls 
300' X 4' X 2" 
Stretch Inner, 
12" Stretch Outer 
Walls 
5 Chamber Funnel Trap, 
4' x 4' Mouth X I" 
Stretch Nylon, 
Wings 25' x 4' x 1" 
Stretch 
(wings not used at 
present) 
Data Reduction 
Approximately 20 parameters are recorded for each collec-
tion in addition to the species, number of fish caught per specie s, 
and the lengths of each individual. The complexity and bulk 
(227 collections, 17,140 fishes, and 105 species to date) of 
this data, required computer processing techniques for reduc-
tion. A major portion of the effort in 1971 has been in the 
development of a data processing system. This is summarized 
as follows: 
A. A system assigning a phyletic code number to each 
species has been developed. The species code consists 
of a 10 digit number broken up into 5 categories. 
1. Category A - one digit code to indicate type of 
animal classified. 
2. Category B - three digit code at the family level 
ordered according to generally accepted phyletic 
classification. 
3. Category C - two digit code assigned alphabetically 
to genera within each family. 
4. Category D - three digit code assigned alphabeti-
cally to species within each genera. 
5. Category E - one digit code indicating sex and 
reproductive information. 
B. Coding forms and card formats have been developed for 
c omputer processing of data. 
1. Two card types include basic field data such as: 
182 
LEGEND 
ENVIRONMENTAL ZONES STATIONS 
& Exposed Sand Zone it East Grass Zone 0 
~ Sheltered Sand Zone ~ South Grass Zone ~ Monthly Permanent Stations 
& Centra I Sand Zone & River Mouth Zone ~ 
& Mixed Grass & Sand Zone & Upriver Zone ~ 
& West Grass Zone ill Bayou «r" ( Dead ' fish Pass ) Qtr. Sta. 
FIGURE 2 F 
AVERAGE RECORDED SURFACE TEMPERATURE 
I FALL WINTER SPRINg SUMMER FALL WINTER 
r-SUMMER -EOU \NOX -- FALL SOLFTICE -WINTER - EOU\N x ---SPRING SOlSTICE -SUMMER E9uINOX- FALL SOl-STICE 
39. I ii i i~ 
33 
I <A- I 1 
Cf) 
w 
Cf) 
Cf) 
w ~ oct 
c 27 ...J 
oct U 
a: 
(!) w 
t= a: ::> z 
1\ ~ w oct u 21 a: w 0 ~ ~ 0.. :E 
w 
W \I 
" 
~ 
a: 
::> 15 ~ 
. oct 
a: 
w 
0.. 
:E 
w 
~ 9 
O'~----~----~'-------~----~----~-r------~----~r---~-r------'-------r---~~-------r------~--~~-------r------~--~ 
AUG SEPT OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
1970 1971 
o ·FISH GROUP DATA 
V PLANKTON GROUP DATA 
date, time gear in, time gear out, time f i s h e d, 
time of sample, loc ation (Anclote Grid ) , wi nd, 
cloud cover, precipitation, surface salini t y , 
surface temperature , water depth, tide stage , gear , 
method, tow velocity, towed distance, area samp l ed , 
environmental zone, bottom type (biotic), patchi -
ness and density of seagrasses, sedime nt t ype. 
2. Two card types record data such as: species 
length of individuals, number of individuals 
per species, number of fish per collection. 
3. Additional card types have been developed for 
length frequency, length-weight and other data, 
but have not as yet been used. 
C. Status of Computer Techniques 
The basic data are now on punch cards and programs are 
being d e veloped to process it. The species list and 
dominance table were compiled through the use of two 
of these programs with some manual work. Other 
programs are now being perfected and will extend 
our analytical capability. Eventually we hope to: 
1. Attain the capability for analysis of the data 
in terms of anyone (or more) of the recorde d 
parameters. 
2. Develop length frequency and biomass figures from 
recorded data. 
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3. Examine gear and sampling bias. 
D. Manual processing 
1. The catch per unit effort values were developed 
manually. Th e units of effort chosen were in terms 
of the time a gear type was fished. "Time fished" 
for the trawl method is from time the trawl 
reaches bottom and towing begins to the tlme 
towing ends. "Time fished" for the trammel method 
is from the mid-point of the set to the mid-point 
of the haul of the net. The 45 minute figure for 
trammel sets is nominal and represents the time 
from end of the set to the beginning of the haul. 
The number of fish and the number of species were 
divided by the units of effort for each collection. 
2. The units for trawl collections were of one minute, 
while those for the trammel were of ten minutes. 
The average catch per unit effort was obtained by 
averaging the value for the applicable collections. 
Trawl and trammel net data are presented on an 
average per unit effort basis--in effect the 
recorded catch rates are compared by environment 
and surface water temperature for all trawl and 
trammel samples. Data for the permanent stations 
(collected October 26-27, November 5-6, 1971) are 
compared by station and by day-night within stations. 
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E. The environment types were obtained by grouping the 
environmental zones as described in the 1970 Annual 
Report (see Figure IF). These types are defined as 
follows: 1) the "sand" combines zones 1, 2, and 3, 
2) the "mixed grass and sand" is zone 4, 3) the "river 
mouth" is zone 8, 4) the "grass" combines zones 5, 6, 
and 7. The zone boundaries indicated are only grossly 
defined and will be refined as more detailed data 
becomes available. 
The temperature classes were established by analysis of 
the overall temperature data. Figure 2F shows average recorded 
daily temperatures from August 1970 through December 1971. 
Data used was basically that taken during actual fish sampling. 
In some cases data were obtained from water quality surveys, 
these points are indicated by triangles. The calendar 
(astronomical) season boundaries are indicated. The 15-21oC 
temperature class is typical of the winter months. The 21-27°C 
class of the spring and fall months. The 27-33°C class of 
the summer months. The short term variation in temperature 
can be rather large (Figure 2F). 
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RESULTS AND DISCUSSION 
A total of 17,140 individual fish comprising 105 species 
and representing 47 families has been collected to date. 
Table 2F lists each family, species and common name in phyletic 
order according to generally accepted classification. Each 
species is annotated as to the number of individuals taken 
in each of 4 temperature classes and 4 environments. In 
addition, the total number taken to date is indicated. 
Commercial and Predaceous Commercial species are also indicated 
with the letters "c" and "P". Fyke net collections (Dead 
Fish Pass) are included in the river mouth environmental 
class. 
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TABLE 2F 
ANNOTATED SPECIES CHECK LIST 
Family Carcharhinidae Requiem Sharks 
Carcharhinus acronotus Blacknose Shark 
Carcharhinus limbatus Blacktip Shark 
Rhizoprionodon terraenovae Atlantic Sharpnose Shark 
Family Sphyrnidae Hammerhead Sharks 
Sphyrna mokarran Great Hammerhead 
Sphyrna tiburo Bonnethead ' 
Family Dasyatidae Stingrays 
Dasyatis sabina Atlantic Stingray 
Gymnura ~ Smooth Butterfly Ray 
Family Myliobatidae Eagle Rays 
Aetobatus narinari Spotted Eagle Ray 
Rhinoptera bonasus Cownose Ray 
Family Lepisosteidae Gars 
Lepisosteus platrrhincus Florida Gar 
Family Elopidae Tarpons 
Elops ~ Lady fish 
Family Ophichthidae Snake Eels 
Myrophis punctatus Speckled Worm Eel 
Ophichthus gomesi Shrimp Eel 
Family Clupeidae Herrings 
Brevoortia ~ Menhaden 
Brevoortia patronus Gulf Menhaden 
Brevoortia smithi Yellowfin Menhaden 
Harengula p~lae Scaled Sardine 
Opisthonema oglinum Atlantic Thread Herring 
Family Engraulidae Anchovies 
Anchoa mitchilli Bay Anchovy 
Family Synodontidae Lizardfishes 
Synodus foe tans Inshore Lizardfish 
Synodus intermedius Sand Diver 
Family Ariidae Sea Catfishes 
Arius felis Sea Catfish 
Bagre ~us Gaff topsail Catfish 
Family Batrachoididae Toadfishes 
Opsanus beta Gulf Toadfish 
Family Gadidae Codfishes 
Urophycis floridanus Southern Hake 
Family Ophidiidae Cusk-Eels and Brotulas 
Ophidion ~ Cusk-Eel 
Family Exocoetidae Flyingfishes and Halfbeaks 
HyporhamIhus unifasciatus Halfbeak 
Family Belonidae Needlefishes 
Strongylura marina Atlantic Needlefish 
Strongylura notata Redfin Needlefish 
Strongylura timucu Timucu 
Family Cyprinodotidae Killifishes 
Cyprinodon variegatus Sheepshead Minnow 
Floridichthys carpio Goldspotted Killifish 
Fundulus grandis Gulf Killifish 
Fundulus similis Longnose Killifish 
Family Atherinidae Silversides 
Menidia beryllina Tidewater Silverside 
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TABLE 2F 
ANNOTATED SPECIES CHECK LIST (continued) 
Family Syngnathidae Pipefishes and Seahorses 
Hippocampus ~ Seahorse 
Micrognathus crinigerus Fringed Pipefish 
Micrognathus crinitus Insular Pipefish 
Syngnathus ~ Pipefish 
Syngnathus floridae Dusky Pipefish 
Syngnathus louisianae Chain Pipefish 
Syngnathus scovelli Gulf Pipefish 
Family Centropomidae Snooks 
Centropomus undecimalis Snook 
Family Serranidae Sea Basses 
Centropristis melana Southern Sea Bass 
Diplectrum formosum Sand Perch 
Mycteroperca ~ Grouper 
Mycteroperca microlepis Gag 
Serranus ~ Bass 
Serranus subligarius Belted Sandfish 
Family Pomatomidae Bluefishes 
Pomatomus saltatrix Bluefish 
Family Rachycentridae Cobias 
Rachycentron canadum Cobia 
Family Echeneidae Remoras 
Echeneis naucrates Sharksucker 
Family Carangidae Jacks and Pompanos 
Caranx CrySOS Blue runner 
~ ~ Creva11e Jack 
Chloroscombrus chrysurus Atlantic Bumper 
Decapterus punctatus Round Scad 
Oligoplites ~ Leatherjacket 
Selene vomer Lookdown 
Tra2hin~carolinus Florida Pompano 
Trachinotus falcatus Permit 
Family Lutjanidae Snappers 
Lutjanus griseus Gray Snapper 
Lutjanus synagris Lane Snapper 
Family Gerreidae Mojarras 
Diapterus plumieri Striped Mojarra 
Eucinostomus ~ Mojarra 
Eucinostomus argenteus Spotfin Mojarra 
Eucinostomus gula Silver Jenny 
Family Pomadasyidae Grunts 
Haemulon ~ Grunt 
Haemulon plumieri White 
Orthopristis chrysoptera 
Family Sparidae Porgies 
Grunt 
Pigfish 
Archosargus probatocephalus Sheepshead 
Calamus arctifrons Grass Porgy 
Diplodus holbrooki Spot tail Pinfish 
Lagodon rhomboides Pin fish 
Family Sciaenidae Drums 
Bairdiel1a chrysura Silver perch 
Cynoscion arenarius Sand Seatrout 
Cynoscion nebulosus Spotted Seatrout 
Leiostomus xanthurus Spot 
Menticirrhus americanus Southern Kingfish 
Menticirrhus focaliger Minkfish 
Micropogon undulatus Atlantic Croaker 
Pogonias cromis Black Drum 
Sciaenops ocel1ata Red Drum 
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TABLE 2F 
ANNOT~TED SPECIES CHECK LIST (continued) 
Family Ephippidae Spade fishes 
Chaetodipterus faber Atlantic Spadefish 
Family Labridae Wrasses 
Lachnolaimus maximus Hogfish 
Family Scaridae Parrotfishes 
Nicholsina usta Emerald Parrot fish 
Family Mugilidae Mullets 
Mugil ~ Mullet 
Mugil cephalus Striped Mullet 
Mugil ~ White Mullet 
Mugil trichodon Fantail Mullet 
Family Clinidae Clinids 
Paraclinus fasciatus 
Paraclinus marmoratus 
Banded Blenny 
Marbled Blenny 
Family Blenniidae Comb tooth Blennies 
Chasmodes saburrae Florida Blenny 
Hypsoblennius hentzi Feather Blenny 
Family Gobiidae Gobies 
Bathygobius ~ Goby 
Bathygobius soporator Frillfin Goby 
Gobiosoma ~ Goby 
Gobiosoma robustum Code Goby 
Family Scombridae Mackerels and Tunas 
Scomberomorus maculatus Spanish Mackere~ 
Family Scorpaenidae Scorpion fishes 
Scorpaena brasiliensis .Barbfish 
Family Triglidae Searobins 
Prionotus scitulus Leopard Searobin 
Prionotus tribulus Bighead Searobin 
Family Bothidae Lefteye Flounders 
Anclyopsetta quadrocellata Ocellated Flounder 
~tropus crossotus Fringed Flounder 
Paralichthys albigutta Gulf Flounder 
Family Soleidae Soles 
Fam. Soleidae Soles 
Achirus lineatus Lined Sole 
Family Cynoglossidae Tonguefishes 
Symphurus plagiusa Blackcheek Tonguefish 
Family Balistidae Triggerfishes and Filefishes 
Monacanthus ~ Filefish 
Monacanthus ciliatus Fringed Filefish 
Monacanthus hispidus Planehead Filefish 
Family Ostraciidae Boxfishes 
Lactophrys quadricornis Scrawled Cowfish 
Family Tetraodontidae Puffers 
Sphoeroides nephelus Southern Puffer 
Family Diodontidae Porcupine fishes 
Chilomycterus schoepfi Striped Burrfish 
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5?e c ies Composition and Dominance 
The ten most numerous species are considered for each of 
ten classifications as follows: 
a) Overall Collection; all fish collected to 6 November 1971 , 
b) Fyke net Collections; all fish from Fyke net collections, 
see discussion below, 
c) Overall collection less Fyke net collections; all fi sh 
except the Fyke net collections, 
d) Environments; Overall collections, less Fyke collections 
considered by environment: 
i) Sand; fish caught in sand environments 
ii) Mixed grass and sand; fish caught in zone 4 
iii) Grass; fish caught in grass environments 
iv) River Mouth; fish caught in zone 8, but not 
including Fyke collections. 
e) Temperature classes; Overall collections, less Fyke 
collection considered by temperature class: 
i) 15-20.9°C; fish caught in this temperature class 
ii) 21-26.9°C; fish caught in this temperature class, 
but not including Fyke collections 
iii) 27-32.9°C; fish caught in this temperature class, 
but not including Fyke collections. 
Table 3F lists the 30 species which appear as the ten most 
numerous in at least one of the classifications. The data are 
organized as a matrix and the numbers entered in each element 
are: 
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a) The dominance position of that species within that 
classification (i.e., I to 10 most numerous to less 
numerous), 
b) The percent contribution of that species within its 
class, 
c) The total number of individuals in that species 
collected in that class. 
Where a species does not appear in the ten most dominant, 
entries are not made. The lower three lines in the table lists 
the total number of individuals taken in each class, the number 
of individuals accounting for the ten most numerous species, 
and the percent contribution of the ten most numerous to the 
overall collection of that class. 
The fact that 30 species are required to obtain the ten 
most dominant in each class is indicative of the heterogeneity 
and complexity of the Anclote environment as a whole. Of the 
ten most common species in the overall collection only Lagodon 
rhomboides appears in all classes, while Leiostomus xanthurus 
and Orthopristis chrysoptera each appear in nine of ten classes. 
Of the ten species listed for the River Mouth environment only 
five also appear in the Fyke collections. This is indicative 
of heterogeneity within this environment and probably also 
reflects differences in sampling, i.e. the fyke net collec-
tions being less biased than the other methods (trawl, seine, 
and trammel). 
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Species 
With the exception of the Mixed Grass and Sand environment 
(which is probably under-sampled) Lagodon rhomboides i s consist-
ently the most numerous species taken. However, some patterns 
of distribution may be noted: 
a) Its dominance by percent is lower (25%) in sand areas 
than in grass (44%). 
b) Its dominance by percent is higher in the middle 
temperature class (49%) than in either the lower 
(40%) or the upper (32%) classes. 
Orthopristis chrysoptera appears in all classes except 
for the Fyke net collections. Of particular interest is the 
fact that it accounts for 10% of the catch in both Sand and 
Grass environments. However, those found in the Sand areas 
are the larger individuals (see Figure3F, 1970 Annual Report 
for example). The dominance by percent in the lower tempera-
ture class (4%) is lower than in the upper two classes (10% 
and 9% respectively). 
Additional species distributions of interest include: 
a) Cyprinodon variegatus - appears only in the River 
Mouth, Fyke net, and higher temperature classes, b) Bairdiella 
chrysura - appears in all temperature classes, but only in 
the Grass and River Mouth environments and not in the Fyke net 
collections, c) Brevoortia smithi and patronus are found only 
in the sand environment, Brevoortia srnithi in the middle temp-
erature class, and Brevoortia patronus in the upper temperature 
class. 
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Effort 
Catch rates (average unit effort catches in terms of 
numbers of fish and numbers of species) are presented by environ-
ment in Figure 3F. The catch rate is sharply higher in the 
grass areas as compared with the other areas. The relatively 
high sand area catch rate with trammel nets is a reflection 
of several factors: 
a) The trammel net, unlike the trawl (which fishes the 
bottom) samples the whole water column and thus collects fish 
not vulnerable to trawling. b) The sand areas are generally 
of greater depth than the other areas and larger active 
swimmers tend to frequent deeper water. These active swim-
mers often occur in large aggregations or schools in which 
one or two unusual catches can effect the overall effort 
figures. c) The Brevoortia (menhaden) are an example of 
such active swimmers. Removal of the Brevoortia catch in 
2 collections alters the catch rate (by number of individuals) 
markedly. d) The low values for the mixed grass and sand 
probably reflect to some degree a lower sampling effort in 
this area. 
Catch rates are presented by temperature class in 
Figure 4F. The catch rates both in terms of number of fish 
and number of species are lower in the warmer temperature 
as opposed to the intermediate class. Once again the 
Brevoortia contribution to the catch rate (by number of fish) 
alters the pattern. The dotted portion of the line represents 
the deletion of the Brevoortia catch from the same two collec-
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TABLE 3F 
SPECIES OOHINANCE 
The 10 most abundant species are shown for each classification, notated as 
to dominance position, percent of total, and number caught in class. 
Lagodon rhomboides 
Cyprinodon variegatus 
Leiostomus ~ 
orthopristis chrysoptera 
Bairdiel1a chrysura 
Eucinostomus ~ 
Eucinostomus arqenteus 
Harenqu1a pensacolae 
~ arctifrons 
Brevoortia smi thi 
Brevoortia patronus 
Opisthonema oqlinum 
synqnathus ~ 
Monocanthus hispidus 
Eucinostomus ~. 
Chilomycterus 'schoepfi 
Total number fish 
in class 
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in top ten 
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tions previously discussed. It appears that the fall and 
spring months (represented by intermediate temperatures) have 
the highest abundance and diversity of fishes. As expected, 
catch rates were lowest during the winter months. 
Catch rates (average unit effort catches in terms of 
numbers of fish and numbers of species) are presented in 
Figure SF (October-November 1971 Collection, Stations I-IV). 
The catch rate for Station II is consistently low, both in 
terms of number of individuals and number of species. This 
station is in 2-3m of water with a sand bottom and may b e 
taken as representative of the sand areas in the center o f 
the anchorage. Station III is in a grass zone about SOOm 
inshore from Station II and has a markedly higher catch 
rate. The differences among stations are not as extreme 
in the trammel data. As discussed earlier this is probably 
a function of the trammel net sampling more of the water 
column and larger individuals. 
Day-night catch rates are presented in Figure 6F(October-
November 1971 Collection, Stations I-IV). Data indicates 
significantly higher catch rates at night with trawls both in 
terms of number of individuals and number of species. The 
catch rates in terms of number of species tend to be somewhat 
higher at night with trammel nets; this parallels the trawl 
data. The catch rate in terms of number of individuals 
appears to remain relatively constant. This may be a function 
of the decreased activity of the visually oriented species 
and the lower visibility of the passive fishing gear. We 
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would expec t l owe r individua l activity to lead to l ower catches 
because of r e duced probabil i t y o f e ncountering the n e t, and 
wo uld expec t l ess visibility to lead to less net a vo idance . 
It appea rs that these trends may balance each othe r. 
Fyke Ne t 
On e of the most serious problems of sampling in the marine 
e n vironment is that of quantitatively estimating the total number 
of fish present in a given area. Most, if not all, methods of 
sampling collect only part of the fish actually present. 
Th e Fyke n e t method as used in Dead FishPass is unique. 
Th i s procedure samples essentially all the fish present at high 
t ide . The ma jor exceptions being those individuals small enough 
to pas s through the net and those few able to jump over. Raising 
t he ne t above the water has effectively reduced escape by jumping . 
The bayou is located on the north side of the Anclote Rive r, 
appr oximate l y where the proposed power plant intake canal is to 
be l ocat e d (s e e Figure IF). The bayou is approximately 250 me t e r s 
l ong and 40 me ters wide and provides a unique opportunity for 
q u an t i t a tive sampling. 
Fi ve colle ctions were made in 1971, with 47 ·species and 
9 , 279 ind ividual fish taken. Table 4F lists the specie s, 
number o f i ndivi duals, and their occurrence in the se collec tions . 
This study is significant in that it provides data on 
abundan ce and diversity of fishes in a limited are a of estuary . 
The catche s have been, on occasion, remarkably high. The 
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TABLE 4F 
ALPHABETICAL CHECK LIST 
FYKE NET DATA - BAYOU "F" 
(DEAD-FISH PASS) 
Col. #48 Col. Ull Col. U12 Col. U13 Col. #178 Total 
(2/26/71) (5/12/71) (5/31/71) (6/22/71) (10/6/ 71) 
23 . 5' 26.0' 24.5' 29.0' 28 . 8' 
Achirus lineatus 
Anchoa mitchilli 12 12 
Archosarsus 2robatoceEhalu5 26 15 44 
~ fells 28 33 53 114 
Bairdiella chrysura 12 45 58 
Brevoortia smi thi 
~~ 
Centro~mus undecimalis 
ChaetodiEteru5 faber 
Chilomycterus s .choepfi 
Cynoscion nebulosus 46 47 
Cyprinodon variegatus 65 1292 ~ 7 1454 
Dasyatis sabina 353 67 42 4 
Diapteru5 plumieri 
Echeneis naucrates 
Elops saurus 13 16 
Eucinostomus argenteus 10 50 61 
Eucinostomu5 ~ 34 41 
Floridichthys carpio 
~grandis 98 137 64 299 
Fundulus similis 98 350 96 544 
GYlMura micrura 11 15 
Harengula pensacolae 32 32 
HyporharnEhus unifasciatus 13 13 
Lagodon rhomboides 2061 352 27 1283 72 3795 
Leiostomus xanthurus 108 141 16 706 28 999 
Lutjanu5 griseus 
f>1enidia beryllina 26 22 50 
Mugi l cephalus 107 38 14 714 64 937 
t-1u9il~ 
Mugil trichodon 74 43 124 
t-1yrophis puncta tus 
01i2op1i tes saurus 6 14 
ophichthus gomesi 
Opisthonema oglinum 
Orthoeristis ch!::isoEtera 13 8 23 
parali~hthl':s albigutta 29 44 
Pogonia cromis 
Prionotus tribulus 8 
Rachycen tron canadum 
SciaenoEs ocellata 
sphoeroides nephelus 12 14 
Strongylura marina 8 
Strongylura ~ 17 28 
Stron9:~ lura timucu 
symphuru~ plagiusa 
Synodus foe t ens 
estimated biomass taken on June 22, 1971 was in excess of 1000 kg 
(22001bs). Surprising numbers of sport and commercial fishes 
have also been collected. 
In the February, 197L collection, over 2,000 pinfish, 
Lagodon rhomboides, a fish used extensively for bait in sport-
fishing, were found in the bayou. In June, 1971, over 700 
commercially important striped mullet, Mugil cephalus, were in 
the bayou, along with an unusual concentration of over 350 
stingrays, Dasyatis sabina, and over 700 spot, Leiostomus 
xanthurus. In the October 1971 collection, 46 spotted seatrout, 
Cynoscion nebulosus, were taken, and 2 snook, Centropomus 
undecimalis, the larger one estimated at 18 pounds. The bayou 
is proving to be an important habitat for numerous fishes, 
including the economically important striped mullet and spotted 
seatrout. 
Juveniles 
High densities of juveniles have been taken over certain 
areas of the grass. Benthic survey data presented in Technical 
Report #6 give some indication of the numbers attainable over 
a given area; recorded density was on the order of 9 per square 
meter in water depth of approximately 1 meter (grass bottom). 
The density recorded for a similar sample in 2m of water at the 
outer margin of the grass was on the order of 1.5 per square 
meter. The gear and method used probably undersamples the 
number of fish present and these figures represent a conservative 
estimate of the true abundance. 
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Additional data from seines and trawls record high catches 
of juveniles in similar environments. Considering only the 
juveniles of 2 species; high catches of Eucinostomus ~. and 
Gobiosoma ~. were recorded for 9 collections from the riear-
shore regions of the grass beds. 
The benthic survey data discussed above was taken on a 
transect along the proposed outfall canal as were 2 of the fish 
survey collections, the remainder of the juvenile fish collec-
tions mentioned were taken in similar habitats, that is in a 
water depth of approximately one meter over a grass bottom. 
Figure 3F of the 1970 Annual Report shows the distribution 
of fish length (age) between grass (typically shallow) and 
sand (typically deeper) environments for two common species. 
In addition to the obvious value of the juveniles as 
future members of the adult populations it should be noted 
that most (if not all) juveniles are forage fish for larger 
individuals of many species, including those of sports and 
commercial value. 
Commercial Species 
Twenty-three species of commercial (and/or sport) value 
are marked (C) on the species list (3,274 individuals). The 
commercial species, as a group, account for 21.9% of the species 
and 19.1% of the individuals collected. Twelve predaceous 
commercial species are also marked (P). These account for 
11.4% of the species and 1.8% of the individuals collected 
(310 individuals), a not unexpectedly low figure. 
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Sharks 
Numerous sharks of various sizes have been taken regularl y 
at Anclote. These include: Carcharhinus acronotus (Blacknose 
shark; Carcharhinus limbatus (Blacktip shark); Rhizoprionodon 
terraenovae (Atlantic sharpnose shark); Sphyrna mokarran (Great 
Hammerhead); and Sphyrna tiburo (Bonnethead). The most 
abundant shark is the Bonnethead with 65 individuals collected. 
The Hammerheads were the largest in size, ranging from 755 to 
1340mm. Blacktips were next largest with lengths ranging from 
731 to l007mm. Sharks have been noted near thermal effluents i n 
semi-tropical environments (re: Turkey Point, D. P. deSylva, 
personal communication). 
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OBJECTIVES FOR 1972 
Complete the development of computer techniques for data 
analysis. If possible attain on-line update procedure for data 
analysis. Carry-out the proposed 1972 sampling program using 
the systematic, parallel, and repetitive procedures discussed 
earlier. This is to provide in depth baseline data prior to 
power plant operations. Complete the data required for the 
following student research projects: 
Billy D. Causey 
William Fable 
J. Kenneth Rolfes 
Ph. D. dissertation, faunal analysis, 
seasonality, habitat preference and 
day-night variability, Anclote 
Anchorage. 
M.A. thesis, faunal analysis-Dead Fish 
Pass 
M.A. thesis, gear selectivity and bias. 
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Quarter Month 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
TABLE SF 
PROPOSED 1972 SAMPLING 
Monthly Program 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 Stations 
Trawl/Trammel, Day/Night 
4 stations 
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Quarterly Program 
Fyke - Deadfish Pass 
Quadrat - 1 Station 
Bag Seine - 6 Stations 
Trawl Transect - 7 Stations 
Misc. Trammel/Trawl - 7 Stations 
Trawl & Trammel Experiments 
Fyke - Deadfish Pass 
Quadrat - 1 Station 
Bag Seine - 6 Stations 
Trawl Transect - 7 Stations 
Misc. Trammel/Trawl - 7 Stations 
Trawl & Trammel Experiments 
Fyke - Deadfish Pass 
Quadrat - 1 Station 
Bag Seine - 6 Stations 
Trawl Transect - 7 Stations 
Misc. Trammel/Trawl - 7 Stations 
Trawl & Trammel Experiments 
Fyke - Deadfish Pass 
Quadrat - 1 Station 
Bag Seine - 6 Stations 
Trawl Transect - 7 Stations 
Misc. Trammel/Trawl - 7 Stations 
Trawl & Trammel Experiments 
Time allowance for repeating 
procedures. 
CONCLUSIONS 
1. Fyke net collections indicate the high densities of 
fish biomass attainable over small areas of an estuarine environ-
ment; over 1000 kg from Dead Fish Pass at station F (Figure IF). 
2. A total of 105 species (17,140 individuals) are 
represented in the collections to date. This represents most 
of the species known from near-shore environments in central 
West Florida. 
3. Catch per unit effort figures were considerably higher 
for grass beds and lowest for deep sand areas regardless of 
sampling gear used. 
4. Trammel net, Fyke net, and Trawl samples appear 
considerably different as regards species taken. This reflects 
the need for multiple gear approaches to quantitative sampling 
in near-shore marine environments. 
5. Marked differences in number of species between day 
and night were evident in trammel and trawl samples. Trawls 
showed markedly higher catch rates in terms of biomass at 
night. 
6. Catch rates (species and abundance) were lowest during 
winter temperatures, highest during intermediate temperatures 
(spring, fall), and somewhat intermediate during the higher 
temperature months (summer, early fall). 
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7. Commercial species represent 21.9 % of the species and 
19.1% of the individuals collected. Certain of these species 
are abundant at various times and places in the Anclote area. 
8. Various species of sharks are abundant in the Anclote 
Anchorage particularly during the summer and fall months. 
9. Preliminary data from catches of juvenile fishes 
indicate high densities in grass bed areas at certain times 
of the year. 
10. Analysis of dominant species in various environments 
and temperature classes indicate considerable hete roge neity 
in both time and space in the Anclote region under study . 
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SUMMARY 
1. Methods have been developed to map and monitor major bottom 
habitats using aerial photographic techniques. For the first 
time a reliable map of the extent of seagrass beds is available 
for Anclote Anchorage. 
2. Transmissivity and total suspended sediment load were found to 
correspond best to t i dal current and speed. 
3. Sediments in the area of the proposed discharge canal range 
from moderately well-sorted to poorly-sorted, medium to coarse 
sands. 
4. Study of the Howard Park area suggests that seagrasses may 
survive a dredging ope1ation or re-colonize a filled area if 
the combination of waves, currents, and sediment grain size 
does not lead to continual, long term resuspension of bottom 
materials. However, the lack of information about pre-construction 
conditions does not allow conclusions as to whether this "survival" 
is in a more or less healthy state. 
5. The range of transmissivity measured in the deeper waters of 
Anclote Anchorage was between 50 and 80%T/IOcm. Periods of 
unusual biological activity (plankton blooms) andior weather 
conditions result in a net lowering of the optical quality of 
the water. The most transparent water was observed over grass 
flats especially those adjacent to Bailey's Bluff on the 
northern edge of the study area. The lowest measured trans-
missivity in the area of the proposed outfall was 30%T/lOcm, 
or approximately 25 JTU. 
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6. The season of highest rainfall at Anclote extended from July to 
mid-October and resulted in reduced surface salinities in the 
Anchorage from August through November, a period when most of 
the annual nutrient load is carried into adjacent coastal waters. 
7. The Anchorage fills predominantly from the W-S.W. with river 
water flowing into the north basin (opposite Bailey's Bluff) 
primarily during flood tide. The latitude line 28°12' closely 
approximates the convergence - divergence "dead water line" 
separating that portion of the Anchorage being emptied and 
filled by the north versus south flow around Anclote Key. 
8. Water temperature in 1971 reached a maximum in August and was 
similar at river, Anchorage, and Gulf stations, with the river 
slightly warmer in most months of the year. 
9. Salinity, nutrients, water color, and chlorophyll indicate that 
river water moves into the Anchorage to the northwest along the 
north river channel and over the adjacent grass flats. 
10. Dissolved organic carbon was negatively correlated with salinity 
and positively correlated with water color in the wet season. 
The latter relationship suggest that much of the DOC brought 
in with runoff is made up of the tea-colored matter so conspicuous 
in the Anclote and many other Florida rivers. Strong negative 
correlations of water color and silicate with salinity were noted. 
11. The Spartina marshes and Tarpon Springs sewage plant located 
between Alternate 19 and Highway 19 bridges may contribute 
significantly to the nutrient load and relatively low oxygen 
concentrations in this section of the river. These conditions 
were not found further downstream. 
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12. The Anclote River has intermediate levels of nutrients and 
chlorophyll in comparison to other Florida estuaries. It is 
suggested that as the river basin becomes urbanized, eutrophi-
cation of the river will significantly increase. Because of 
the rapid flushing with gulf water, eutrophication will be less 
apparent in the Anchorage. 
13. Four major seagrass zones are apparent in the Anclote Anchorage 
from inshore to offshore and are characterized by a change in 
the dominant seagrass species. These are : a littoral Diplanthera 
zone; a Thalassia dominant zone; a Syringodium dominant zone, 
and a second outer Diplanthera zone. 
14. It is estimated that over 90% of all benthic algal species 
growing in the Anclote area occur as seagrass epiphytes. Sixty-
five species of benthic algal epiphytes were observed on sea-
grasses from January to August, 1971. 
15. Luminescent bacteria made up about 10% of the total aerobic, 
heterotrophic bacterial population in suspension in the water 
at Anclote. The highest populations occurred around the river 
mouth during the warmest temperatures (20-30°C). Luminescent 
bacterial growth is stimUlated by organic matter from the 
river at salinities above 15 0/00. 
16. An investigation of a shallow water seagrass bed near the 
proposed power plant intake canal revealed: 
a) Sediment temperature 10 cm below the surface ranged from 
11° to 31°C, while surface salinity varied between 10 and 
31 0/00. 
202 
b) The dominant seagrass (Diplanthera) showed marked seasonality 
in growth and leaf biomass (lowest in March, highest in July ) . 
c) Faunal components included commercially important pink shrimp 
(Penaeus) and blue crabs (Callinectes) in quantity. The 
fauna was characterized by high biomass and abundance of 
organisms yet low species diversity (few species). 
17. High densities of fish biomass occur over small areas of an 
estuarine environment as evidenced by catches of better than 
1000 kg/catch from a small tidal bayou near the plant construc-
tion site. 
18. Fish abundance and distribution show marked changes with season, 
tidal cycle, and time of day (day-night). Catch per unit 
effort figures were considerably higher for grass beds than 
for other areas regardless of conditions or gear used. The 
fall and spring months were highest in terms of species and 
biomass caught per unit of effort. 
19. Commercial species represent 22% of all species caught and 
were often abundant. Sharks were numerous in Anclote Anchorage 
especially during the summer and fall. 
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RECOMMENDATIONS 
A revised plan for fuel delivery to the Anclote power plant 
has resulted in a considerable reduction in environmental impact 
as the overland delivery by pipeland avoids the dredge and fill 
of 2.5 million cubic yards of bottom sediments. However, the 
non-diked discharge canal configuration with attendant possibilities 
of increased suspended sediments, especially during dredging, and 
of sediment erosion and thermal discharge onto adjacent shallow 
water grass beds, remains as a potential source of environmental 
impact. Should the dredging as now proposed be approved, it is 
recommended that stringent controls be employed to reduce turbidity. 
The lowest measured transmissivity in the area of the proposed 
discharge is 30%T/lOcm corresponding to maximum turbidity of 
approximately 25 JTU. Although available field data are fewer 
than desired and usually contain a "fair weather" bias, there is 
detailed information at weekly intervals in July and part of August, 
during the growing season, and a survey in December. Therefore, 
25 JTU is probably representative of a value near the maximum 
turbidity which normally occurs for long periods of time and which 
is not the result of short period phenomena. 
A 30%T/lOcm transmissivity (25 JTU) means that the light 
irradiance at a depth of one meter is only 0.00059% of its value 
at the surface. Assuming compensation depth (respiration=photosynthesis) 
to be that depth having 1% of the surface irradiance, at 25 JTU 
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the light level at 3 feet will be less than 0.1% of the compensa-
tion value. Presently little is known about the recovery rate o r 
means of compensation for seagrasses essentially devoid of light 
for extended periods. Little is also known about the additional 
stress sedimentation causes and its effect on grass bed recovery 
rates, or about long term effects of sediment erosion and thermal 
discharge directly onto adjacent seagrass beds. All of these 
problems will be studied during the coming years but until the 
data are available the following is recommended: 
1) Every effort be made to prevent water of turbidity greater 
than 25 JTU from overriding adjacent seagrass beds for extended 
periods of time (24 hours) . 
2) Closely monitor the effects of erosion, current velocity, 
and thermal discharge on adjacent grass beds and associated fauna 
and flora from the open discharge canal and be prepared to correct 
such damage if at all possible. (Recommendations concerning effluent 
temperature were made assuming discharge into the anchorage at a 
depth of 7 feet or greater in a completely contained system without 
spillage over the sides.) 
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GENERAL RECOMMENDATION 
Recent wate r shortages in many areas of west Florida emphas ize 
the curre nt and future crisis in fresh water supply. We recomme nd 
that Florida Power Corporation and other public utilities inves t i-
gate the possibilities of desalinization and waste water treatme nt 
in c onjunction with future plans for generation of electricity. 
The recen t study b y Hammerschlag and Rose (1971) should be 
consulted for innovative approaches to these and other combinations 
of power plants with desirable users of excess heat. 
REFERENCE 
Hammerschlag, D. and V. C. Rose. 1971. Nuclear energy for a 
ne w town. Final report for Office of Water Resources Research 
Proj ec t B-02 2-R.I., University of Rhode Island, 60 pp. 
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FUTURE OBJECTIVES 
Within the project framework as conceived, future objectives 
will shift in emphasis from detailed environmental description, 
though much remains to be done to the following areas: 
a) integration of data from all sources, including the appli-
cation of computer techniques for data analysis and retrieval, in 
order to begin to understand the structural components and energy 
dynamics of the Anclote environmental system as a whole; 
b) to monitor perturbations in the environment, especially 
those due to power plant construction and operation; 
1) initiation of a study of the existing Florida Power 
Corporation plant at Weedon Island, Tampa Bay will help provide 
a basis of comparison with Anclote and a lead time for esti-
mating areas of major change; 
2) continued monitoring for long term changes and the 
extent and degree of recovery from man-made perturbations; 
c) evaluation of the importance and relevance of various 
types of data for environmental studies particularly those which 
might be indicators of change; 
d) continual evaluation and standardization of sampling 
and recording methods; 
e) develop predictive models of the effects of perturba-
tions on ecological parameters; 
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f) provide guidelines for future power plant construction 
including pre-site-selection and/ or short term environmental surveys 
whi ch are critical to the ecological evaluation process. 
While the broadly outlined areas of emphasis stated above serve 
as a guidepost, there are more specific tactical objectives to be 
initiated or completed during the coming year. These include in 
particular: 
a) The development and refinement of a numerical circulation 
and thermal dispersion model which involves: 
1) obtaining initial and boundary value meteorological 
and tidal data as input to and calibration of the models; 
2) modifying the model to describe other parameters; 
the initial ones being salinity, water color, and turbidity; 
3) obtaining transmissivity, water color, and turbidity 
data for initial input and calibration; 
4) use the suspended load (turbidity) model as input to 
a model to predict depth of light penetration and the euphotic 
zone; 
5) use of the sediment dispersion model to help predict 
erosion, sedimentation, and water turbidity patterns. 
b) The continuation and expansion of a study of the seagrass 
beds in order to predict and understand any environmental impact 
from power plant construction and operation which includes: 
1) assess the effect of reduced light (from turbid water) 
on grass beds by means of shading experiments; 
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2) investigation of the relationships among present seagrass 
distribution and density and sediment parameters; 
3) investigation of the spectral distribution of light 
and the effect of various mineralogies and grain sizes of 
suspended sediments on light available at the bottom; 
4) provision for and evaluation of realistic turbidity 
standards as regards seagrasses; 
5) examination of the role of algal epiphytes in seagrass 
bed production and the changes in epiphyte diversity and 
abundance seasonally and in response to reduced light; 
6) investigation of the effects of temperature and 
currents on seagrass beds. 
c) The continuation and expansion of studies of the biological 
organization at Anclote particularly that of grass bed areas in 
order to understand and evaluate possible environmental impact. 
Areas of emphasis include: 
1) assessment of plankton abundance and distribution 
especially in the Anchorage; 
2) investigation of the abundance and diversity of benthic 
invertebrates and fishes particularly those in grass bed areas 
near the outflow channel; 
3) initiation of a study of energy transfer through biologi-
c a 1 systems at Anclote particularly trophic studies of fishes 
and benthic invertebrates; 
4) assessment of the role of shallow water tidal embayments 
on fish biomass and production; 
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5) development and assessment of techniques for sampling 
benthic invertebrates and fishes which includes gear types 
and sources of sampling bias; 
6) distribution ~ld taxonomy of benthic algae of the 
area other than seagrass epiphytes. 
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Technical Reports submitted to 
Florida Power Corporation 
Anclote Environmental Project Annual Report 1970 
Prepared by: H. J. Hurnm T. L. Hopkins 
R. C. Baird T. E. Pyle 
K. L. Carder 
Technical Report #2 
SURVEY OF AREA SOUTH OF ANCLOTE KEY CHANNEL 
Prepared by: Roger Zimmerman 
David Ballantine 
Technical Report #3 
James Feigl 
R. C. Baird 
CURRENTS IN THE PROPOSED OUTFALL REGION 
Prepared by: Fred Schlemmer 
Technical Report #4 
PRELIMINARY STUDY OF SEDIMENTATION-EROSION HISTORY OF A 
SHOAL AREA SOUTH OF ANCLOTE KEY, WEST-CENTRAL FLORIDA 
Prepared by: John McCarthy Thomas E. Pyle 
Technical Report #5 
FLOOD TIDAL CURRENTS NEAR PROPOSED OUTFALL 
Prepared by: Fred Schlemmer 
Technical Report #6 
THE BENTHIC COMMUNITY ALONG THE PROPOSED DISCHARGE 
CANAL FOR THE ANCLOTE RIVER POWER PLANT 
Prepared by: Roger Zimmerman 
David Ballantine 
Technical Report #7 
James Feigl 
R. C. Baird 
COMMENTS CONCERNING THE GEOLOGY AND ENVIRONMENTAL 
CONDITIONS IN THE VICINITY OF ANCLOTE ANCHORAGE, 
ANCLOTE KEY, AND ANCLOTE RIVER, FLORIDA 
Propared by: George M. Griffin Thomas E. Pyle 
Ronald Hoensteine Jack McCarthy 
Technical Report #8 
TRANSMISSOMETER MEASUREMENTS IN ANCLOTE ANCHORAGE 
JULY-DECEMBER, 1971 
Prepared by: Donald W. Eggimann John C. McCarthy 
Thomas E. Pyle 
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Technical Report #9 
PRELIMINARY REPORT ON THE CONVERSION OF TRANSMISSOMETER 
READINGS TO JACKSON TURBIDITY UNITS BY MEANS OF FORMAZIN 
CALIBRATIONS 
Prepared by: Thomas E. Pyle, John C. McCarthy 
Technical Report #10 
VARIATIONS IN LIGHT TRANSMISSIVITY AND TOTAL SUSPENDED 
LOAD WITH TIDAL STAGE IN ANCLOTE ANCHORAGE 
Prepared by: Donald W. Eggimann 
John C. McCarthy 
Technical Report #11 
Thomas E. Pyle 
Casey Jones 
PRELIMINARY REPORT OF THE ICHTHYOLOGICAL SURVEY OF 
ANCLOTE ESTUARY 
Prepared by: Ronald C. Baird 
Billy D. Causey 
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J. Kenneth Rolfes 
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Description of station location grid 
The grid is based on measurements in nautical rather than statute 
miles and thus at present differs from the grid used for the numeri ca l 
hydraulic model. 
The origin is considered to be at the southeast corner of the 
grid so that it can readily be expanded northward or westward if 
necessary. Each primary block is 15" latitude x 15" longitude 
(approximately a quarter mile square) and is referred to by a four 
digit number as follows: 
28Z 
Digits 1 and 2: north-south position 
Digits 3 and 4: east-west position 
vo 
)~ 
~ 
.... , 
\ 
I 
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( 
'" 
/~ 
..... 
l"-~ I"-"" r--. 
~ 
~28° 14100" N LAT 26 
25 
04 
0:3 
02 
SKETCH MAP 
(not to ,cale) 
0403(120 01 -< 
B2J45130U 
W LONG 
Example: The block designated by an X is 0403. 
Each block is divided into 9 subsections according to the 
following scheme: 
BLOCK 0403 
2 3 
4 5 
7 8 9 
_I ~" L 
Iiong I 
t 
S"lat 
Example: The complete designation of the station marked by an X 
in this figure is thus 04036. 
If a station location is not known this accurately, the last 
digit is recorded as "5". (Le. I the middle of the block) . 
For locations known to be on dividing lines, the convention 
shall be to record the square south, east or southeast of the grid 
in that order of priority. 
Examples: 
~ 2 3 I ; (2 3 t 1/2 3 , 
4 5 6 ·4 5 6 41 I'~ 6 
7 8 9 7 8 9 7 8 9 
XX-XX-4 XX-XX-2 XX-XX-5 
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APPENDIX TABLE Ie 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 1/23/71 CLOUD COVER(pct.) 20.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0323 1106 1511 2242 
RANGE 2.73 .36 1.00 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel 
(no) (std)(mph) (deg) (-C) (-/00) (M) (deg)(cm/sec) 
11 1345 ND ND .069 24.63 3.7 NONE 
lIB .066 24.66 
12 ND ND ND .068 24.44 ND ND ND 
13 1325 ND ND .064 25.09 3.2 340 25.5 
13B .064 25.93 
15 ND ND ND .053 25.08 ND ND ND 
17 1310 ND ND .056 25.29 2.6 340 17.3 
17B .024 28.46 
18 ND ND ND .046 25.06 ND ND ND 
19 1250 ND ND .047 25.77 2.0 270 43.4 
19B .024 28.74 
20 ND ND ND .022 28.09 ND ND ND 
21 0808 ND ND .029 29.40 1.2 359 18.1 
21B .021 30.11 
22 ND ND ND .022 28.41 ND ND ND 
23 0827 ND ND .030 28.01 1.6 NONE 
23B .010 29.09 
25 1135 ND ND .025 28.03 2.3 NONE 
25B .029 9.24 
26 1155 ND ND .021 1.5 180 17.3 
26B ND 
27 ND ND ND .036 . • ND ND ND 28 ND ND ND .037 13.6 28.04 ND ND ND 
29 ND ND ND .027 12.7 26.98 ND ND ND 
30 ND ND ND .019 13.5 28.56 ND ND ND 
32 1034 ND ND .037 12.0 27.39 1.9 NONE 
32B .016 13.2 30.53 
33 ND ND ND .022 13.1 27.86 ND ND ND 
34 ND ND ND .017 12.0 27.37 ND ND 
35 1100 ND ND .034 12.3 27.69 2.7 60 10.0 
35B .024 12.9 29.76 
38 ND ND ND .015 12.6 27.80 ND ND ND 
39 1120 ND ND .027 12.6 27.63 2.1 NONE 
39B .033 12.8 28.38 
41 ND ND ND .025 13.5 29.17 ND ND ND 
43 ND ND ND .024 13.2 29.47 ND ND ND 
44 0908 ND ND .032 12.2 28.35 1.9 30 17.3 
44B .026 12.6 29.99 
45 ND ND ND .029 13.0 29.36 ND ND ND 
46 0843 ND ND .021 13.2 30.92 1.4 90 32.7 
46ft .018 13.2 31.45 
48 ND ND ND .013 13.4 30.82 ND ND ND 
49 ND ND ND .019 13.4 30.73 ND ND ND 
50 1000 ND ND .021 13.0 29.96 2.4 259 49.5 
50B .018 13.2 31.03 
52 ND ND ND .020 13.0 29.13 ND ND ND 
55 ND ND ND .028 12.5 27.93 ND ND ND 
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APPENDIX TABLE 2C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 2/27/71 CLOUD COVER(pet.) ND 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0053 0659 1312 1923 
RANGE 3.18 3.18 3.46 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel (no) (std)(mph) (deg) (-C) (-/00) (M) (deg) (em/sec) 
11. 124.5 ND ND .142 22.5 24.34 1.2 ND ND 
lIB .146 23.0 25.30 
12 1237 ND ND .113 22.7 26.34 ND ND ND 
13 1227 ND ND .117 22.8 25.85 1.5 ND ND 
13B .194 22.6 28.20 
15 1217 ND ND .091 22.6 20.39 ND ND ND 
17 1204 ND ND .089 22.4 26.38 1.7 ND ND 
17B .052 22.3 31.51 
18 1156 ND ND .115 22.8 28.44 ND ND ND 
19 1136 ND ND .083 22.3 27.46 1.8 ND ND 
19B .042 22.0 29.99 
20 1129 ND ND .043 22.0 30.80 ND ND ND 
21 0826 ND ND .042 21.3 28.54 1.7 ND ND 
21B .040 21.0 31.61 
22 0831 ND ND .036 21.0 31.35 ND ND ND 
23 0825 ND ND .026 20.8 28.54 1.5 ND ND 
23B .027 20.6 31.05 
25 1045 ND ND .034 20.8 30.80 LIB ND ND 
25B .040 20.9 31.45 
26 1032 ND ND .057 22.0 29.47 1.5 ND ND 
26B .043 21.6 30.54 
27 1056 ND ND .064 . 22.0 28.00 ND ND ND 
28 1100 ND ND .031 21.0 29.08 ND ND ND 
29 1104 ND ND .028 20.8 30.05 WD ND ND 
30 1108 ND ND .024 20.8 32.02 ND ND ND 
32 0945 ND ND .031 20.0 31.54 ND ND ND 
32B .030 20.2 31.43 
33 1116 ND ND .031 20.9 31. 73 ND ND ND 
34 0954 ND ND .041 22.0 27.02 ND ND ND 
35 0958 ND ND .034 21.0 29.93 1.6 ND ND 
35B .036 21.2 29.93 
38 1008 ND ND .055 21.2 29.40 ND ND ND 
39 1012 ND ND .048 21.5 30.11 1.6 ND ND 
39B .049 21.4 31.55 
41 0836 ND ND .031 20.8 32.06 ND ND ND 
43 0855 ND ND .035 21.4 31.07 ND ND ND 
44 0840 ND ND .045 21.6 30.46 1.5 ND ND 
44B .046 20.9 30.62 
45 0850 ND ND .048 21.5 30.90 ND ND ND 
46 0858 ND ND .020 20.5 31.99 1.3 ND ND 
46B .022 20.0 31.44 
48 0909 ND ND .021 20.1 31.65 ND ND ND 
49 0913 ND ND .023 20.2 31.27 ND ND ND 
50 0926 ND ND .021 20.5 32.19 0.8 ND ND 
SOB .021 20.4 31.93 
52 0937 ND ND .028 20.8 31.83 ND ND ND 
55 1023 ND ND .060 21.6 29.08 ND ND ND 
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APPENDIX TABLE 3C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 3/25/71 CLOUD COVER(pet.) ND 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0453 1118 1705 
RANGE 3.09 4.55 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel D1r COLOR DEPTH Dir Vel (no) (std) (lIph) (deg) (-C) (-/00) (M) (des) (em/sec) 
11 1243 ND ND .115 21.0 ND 1.5 65 56.8 
lIB .041 21.0 ND 
12 ND ND ND .072 21.0 26.80 ND ND ND 
13 1224 ND ND .105 21.0 ND 1.6 NONE 
13B .053 20.0 ND 
15 ND ND ND .089 20.0 24.27 ND ND ND 
17 1208 ND ND .083 20.5 ND 2.1 NONE 
17B .047 20.2 ND 
18 1201 ND ND .054 20.0 27.76 ND ND ND 
19 1156 ND ND .071 20.0 ND 2.5 NONE 
19B .036 20.0 ND 
20 1104 ND ND .057 20.5 27.67 ND ND ND 
21 0805 ND ND .049 18.5 ND 1.2 90 61.2 
21B .022 21.9 ND 
22 0820 ND ND .022 18.5 29.40 ND lfn 5~~3 23 0825 ND ND .041 18.5 ND .9 340 
23B .014 18.5 ND 
25 1136 ND ND .036 2 O. 0 28.34 1.9 240 34.5 
25B .031 19.5 25.36 
26 1055 ND ND .031 19.4 23.43 2.1 NONE 
26B .038 19.5 21.86 
27 1110 ND ND .042 19.5 28.40 ND ND ND 
28 1120 Ni> ND .033 19.5 29.67 ND ND ND 
29 1123 ND ND .024 20.0 28.20 ND ND ND 
30 1126 Rn ND .023 19.5 29.22 ND ND ND 
32 1003 ND ND .026 19.0 26.31 1.5 NONE 
32B .015 19.0 22.37 
33 1015 ND ND .030 20.0 29.22 ND RD ND 
34 ND ND ND .028 19.0 28.73 ND ND ND 
35 1020 ND ND .015 19.4 27.05 2.1 250 65.8 
35B .022 19.2 28.86 
38 1032 ND ND .026 19.0 28.42 ND ND ND 
39 1035 ND ND .015 19.4 28.39 2.4B NONE 
39B .039 19.5 29.03 
41 0838 ND ND .029 18.4 ND ND ND ND 
43 0844 ND ND .024 18.5 30.43 ND RD ND 
44 0850 ND ND .031 18.5 30.10 1.5 20 43.5 
44B .029 18~6 23.36 
45 0902 ND ND .016 18.5 28.58 ND ND ND 
46 0909 ND ND .028 ND ND 1.4 80 52.3 
46B .024 19.0 ND 
48 0925 ND ND .021 18.8 31.40 ND ND ND 
49 0940 ND ND .027 18.5 30.58 ND In ND 
50 0945 ND ND .020 19.0 30.94 1.5 359 43.5 
SOB .021 19.0 30.89 
52 0958 ND ND .022 19.0 31.17 ND ND ND 
55 1050 ND ND .034 19.2 28.97 ND ND ND 
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APPENDIX TABLE 4C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 4/17/71 CLOUD COVE1(pct.) 5.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0542 0829 1S00 
RANGE 2.09 .09 1.00 
WINDS WATER TEMP SAL SECCRI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel (no) (std)(mph) (deg) (·C) (·/00) (M) (deg)(cm/sec) 
11 1337 ND ND .116 24.2 22.26 1.3 70 34.5 
lIB .111 24.1 22.99 
12 1330 ND ND .094 24.0 23.45 ND ND ND 
13 1320 ND ND .087 23.9 23.60 1.9 90 3 O. 8 
13B .090 24.0 23.93 
15 1314 ND ND .069 24.0 24.60 ND ND ND 
17 1257 ND ND .058 24.0 24.19 2.9 90 25.5 
17B .046 23.2 25.86 
18 1254 ND ND .059 24.1 23.99 ND ND ND 
19 1243 ND ND .048 24.0 24.52 3.0B ND ND 
19B .048 23.8 25.67 
20 1238 ND ND .041 23.7 25.82 ND ND ND 
21 0750 ND ND .044 22.0 26.15 3.7 205 25.5 
21B .036 22.4 27.58 
22 0814 ND ND .043 22.0 26.28 ND ND ND 
23 0819 ND ND .037 22.1 26.64 2.1 190 34.5 
23! .033 22.1 27.13 
25 1138 ND ND .044 23.1 25.27 2.7 180 11.8 
25B .031 22.9 28.40 
26 1156 ND ND .047 24.1 25.18 1.5B NONE 
26B .051 24.1 25.62 
27 1152 ND ND .045 23.4 25.21 IfD ND ND 
28 1218 ND ND .044 23.0 25.40 ND ND ND 
29 1222 ND ND .041 23.0 25.85 ND ND ND 
30 1226 ND ND .039 23.0 26.10 n B1) ND 
32 1032 ND ND .047 22.6 22.95 2.7B 230 17.3 
32B .024 22.1 30.23 
13 1213 ND ND .094 23.5 23.27 ND ND ND 
34 1050 ND ND .039 22.6 23.93 ND ND ND 
35 1055 ND ND .034 22.5 22.65 2.7B 220 21.0 
35B .040 22.6 27.62 
38 1113 ND ND .046 23.1 23.02 ND ND ND 
39 1115 ND ND .050 23.5 23.26 2.0B 210 14.4 
39B .041 23.5 25.72 
41 0837 ND ND .043 22.0 25.84 ND ND ND 
43 0841 ND ND .043 22.2 26.32 ND ND ND 
44 0845 ND ND .058 22.5 26.07 1.8 190 11.8 
44B .041 22.6 27.86 
45 0900 ND ND .051 22.6 25.97 ND ND ND 
46 0910 ND ND .033 22.7 28.08 2.6 260 11.8 
46! .026 22.0 30.94 
48 0928 ND ND .033 21.1 28.10 ND ND ND 
49 0956 ND ND .030 21.2 28.84 ND ND ND 
50 1003 ND ND .027 22.1 29.70 2.4 NONE 
50B .023 21.1 32.23 
52 1024 ND ND .035 22.2 26.92 ND ND ND 
55 1130 ND ND .050 23.6 23.45 ND liD ND 
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APPENDIX TABLE SC 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 5/17/71 CLOUD COVER(pct.) 20.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0512 0953 1542 
RANGE 2.27 .64 .91 
WINDS WATER TEMP SAL SECCRI CURRENT 
Sta. TIME Vel D1r COLOR DEPTH D1r Vel 
(no) (std)(mph) (deg) (OC) (%0) (M) (deg)(cm/sec) 
11 1432 7.3 290 ND 27.8 ND 1.3 90 13.0 
lIB ND 26.9 ND 
12 1425 ND ND .148 27.6 27.51 ND ND ND 
13 1409 15.9 320 .124 26.9 26.04 1.1 80 9.3 
13B .121 26.6 28.28 
15 1404 ND ND .116 26.4 28.99 ND ND ND 
17 1350 14.0 325 .104 26.4 29.81 1.3 140 12.0 
17B .098 25.5 30.04 
18 1347 ND ND .096 26.4 29.93 ND ND ND 
19 1332 13.3 334 .094 25.9 30.38 1.4 120 3.0 
19B .099 25.4 31.01 
20 1328 ND ND .079 25.6 31.19 ND ND ND 
21 0854 9.7 40 .047 25.6 33.52 1.4 230 15.7 
21B .045 25.3 33.63 
22 0915 ND ND .010 25.4 33.57 ND ND ND 
23 0920 15.0 25 .023 25.1 33.80 1.3 172 16.1 
23B .022 25.5 33.87 
25 1233 13.6 352 .046 25.4 33.20 1.5 190 2.5 
25B .037 26.2 33.09 
26 1251 13.1 358 .063 26.4 31.91 1.7 NONE 
26B .055 26.5 32.51 
27 1247 ND ND .059 26.4 32.46 ND ND ND 
28 1312 ND ND .022 25.9 33.48 ND ND ND 
29 1317 ND ND .024 25.9 33.94 ND ND ND 
30 1319 ND ND .024 26.2 33.83 ND ND ND 
32 1113 10.8 14 .024 25.4 33.17 1.7 170 6.7 
328 .027 25.4 33.76 
33 1228 ND ND .010 25.9 33.44 ND ND ND 
34 1129 ND ND .027 25.5 33.63 ND ND ND 
35 1133 8.2 4 .045 25.7 32.95 2.2 135 3.0 
35B .040 25.6 33.33 
38 1203 ND ND .054 25.9 32.32 ND ND ND 
39 1208 10.5 356 .060 25.4 31.26 1.68 NONE 
39B .064 25.3 31.63 
41 0942 ND ND .023 25.5 33.40 ND ND ND 
43 0947 ND ND .028 25.8 33.28 ND ND ND 
44 0950 14.0 25 .042 25.6 33.25 1.1 168 8.5 
448 .046 25.3 33.17 
45 1006 ND ND .035 25.2 32.64 ND ND ND 
46 1014 12.2 60 .009 25.6 33.83 1.6 190 13.8 
468 .009 25.5 33.86 
48 1033 ND ND .019 25.8 33.87 ND ND ND 
49 1039 ND ND .016 26.0 33.68 ND ND ND 
50 1047 12.4 10 .019 26.0 33.70 1.5 85 8.5 
SOB .024 25.7 34.04 
52 1106 ND ND .022 26.2 33.71 ND ND ND 
55 1223 ND ND .061 26.1 32.28 ND ND ND 
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APPENDIX TABLE 6C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 6/25/71 CLOUD COVER(pc t.) 80.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0112 0541 1148 1852 
RANGE .91 1.82 3.46 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel (no) (etd) (lIph) (deg) (-C) (-/00) (M) (deg)(cm/eec) 
11 1432 ND ND .173 29.6 28.40 1.1 90 20.3 
lIB .098 29.4 29.08 
12 1421 ND ND .086 29.6 29.06 ND ND ND 
13 1358 I'D ND .088 29.8 29.73 1.1 NONE 
13B .087 29.7 29.57 
15 1344 I'D ND .076 29.6 30.09 ND ND ND 
17 1308 I'D ND .062 29.8 30.23 1.2 120 23.4 
17B .088 29.4 30.20 
18 1257 ND ND .078 29.9 29.63 NO ND ND 
19 1230 ND ND .063 29.8 29.85 1.4 110 13.9 
19B .082 29.5 30.87 
20 1220 ND NO .052 29.3 31.47 ND ND ND 
21 1147 ND ND .040 29.5 30.64 0.9 10 15.2 
21B .046 29.6 30.86 
22 0951 ND ND .042 29.3 29.93 ND NO ND 
23 1008 ND NO .037 29.0 30.12 1.2 10 14.6 
23B .036 29.0 30.34 
25 1600 7.3 290 .055 30.2 30.25 1.5 195 16.7 
25B .051 30.5 30.67 
26 1527 NONE .072 '30.6 29.58 1.4B NONE 
26B .069 30.5 29.68 
27 1549 ND ND .051 30.0 29.71 NO NO ND 
28 1636 ND ND .037 30.5 29.65 NO NO ND 
29 1645 ND ND .041 30.6 29.84 NO ND ND 
30 1656 ND NO .036 30.4 30.13 ND NO ND 
32 1341 5.3 250 .038 30.2 29.63 1.6 NONE 
32B .042 30.2 29.85 
33 1625 ND ND .039 30.2 29.56 ND NO ND 
34 1402 ND ND .031 30.5 30.03 ND ND ND 
35 1421 8.8 250 .039 30.1 29.72 1.7 NONE 
35B .043 30.2 29.83 
38 1438 ND ND .038 29.8 29.32 ND ND ND 
39 1448 6.1 270 .065 30.5 29.34 1.9 NONE 
39B .063 3 O. 4 29.31 
41 1032 ND ND .034 29.2 31,,00 ND NO ND 
43 1055 ND ND .044 29.0 31,,51 ND ND ND 
44 1106 NO NO .041 29.0 31.58 0.7 25 6.0 
44B .048 28.8 31,,59 
45 1137 NO ND .041 29.0 31.31 ND ND NO 
46 ND NO NO NO ND ND ND ND NO 
48 1200 ND ND .024 30.1 32,,44 NO NO ND 
49 1221 ND ND .026 30.0 32.00 NO ND ND 
50 1248 11.5 250 .031 3 0.5 31.20 1.2 72 10.9 
SOB .037 30.5 31.23 
52 1324 ND ND .031 30.5 31,,06 ND ND ND 
55 1518 ND ND .060 30.2 28.95 ND ND ND 
223 
APPENDIX TABLE 7C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 7/24/71 CLOUD COVER(pct.) 70.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0300 0541 1148 1829 
RANGE 1.54 1.27 3.28 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel (no) (atd)(aph) (deg) (-C) (-/00) (M) (deg)(cm/sec) 
11 1437 8.0 225 ND 30.0 ND 0.8 90 16.9 
lIB ND 29.7 ND 
12 1429 ND ND .058 30.5 28.27 ND ND ND 
13 1415 9.8 90 .043 30.4 28.40 0.7 359 14.7 
13B .088 29.9 29.06 
15 1410 ND ND .093 30.0 29.06 ND ND ND 
17 1357 4.0 90 .073 30.2 28.89 0.7 250 13.9 
17B ND 29.8 29.77 
18 1354 ND ND .055 30.0 29.15 ND ND ND 
19 1342 11.2 170 .072 30.0 30.08 0.7 359 7.0 
19B .069 29.5 30.08 
20 1336 ND ND .028 30.0 30.06 ND ND ND 
21 0846 15.0 170 .058 29.7 29.86 0.6 355 16.9 
21B .051 29.0 30.30 
22 0920 ND ND .024 30.0 29.99 ND ND ND 
23 0930 17.0 170 .030 29.3 29.70 0.8 340 8.8 
23B .023 29.0 29.87 
25 1257 14.0 170 .019 30.0 30.11 0.7 NONE 
25B .036 29.5 30.22 
26 1238 13.6 1 1'0 . • 081 30.0 28.88 0.8 NONE 
26B .096 29.5 29.01 
27 1254 ND ND .061 · 29.9 29.43 ND ND ND 
28 1321 ND ND .017 29.8 30.07 ND ND ND 
29 1326 ND ND .027 29.5 29.82 ND ND ND 
30 1330 ND ND .014 30.0 29.99 ND ND ND 
32 1145 24.2 170 .047 29.0 29.48 0.6 350 13.4 
32B .027 29.5 29.59 
33 1315 ND ND .026 30.0 30.06 ND ND ND 
34 1156 ND ND .027 29.5 29.30 ND ND ND 
35 1200 15.0 170 .017 29.2 29.15 0.8 350 14.3 
35B .020 29.5 29.39 
38 1217 ND ND .032 30.0 29.42 ND ND ND 
39 1221 16.3 170 .070 30.0 29.00 0.8 350 14.6 
39B .060 29.5 29.12 
41 0955 ND ND .011 29.9 30.00 ND ND ND 
43 1006 ND ND .032 30.0 30.06 ND ND ND 
44 1010 14.0 170 .019 29.6 30.03 0.8 345 13.9 
44B .024 29.0 30.21 
45 1030 ND ND .020 29.8 30.06 ND ND ND 
46 1039 20.0 170 .009 30.0 30.22 0.8 345 14.0 
46B .018 28.5 30.31 
48 ND ND ND ND ND ND ND ND ND 
49 1104 ND ND .028 30.0 30.08 ND ND ND 
50 1115 20.5 170 .026 29.5 30.03 1.0 345 16.8 
SOB .035 29.5 30.23 
52 1135 ND ND .044 29.2 29.72 ND ND ND 
55 1234 ND ND .078 30.1 28.96 ND ND ND 
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APPENDIX TABLE Be 
ANCLOTE WATER QUALITY PIOGRAM 
PHYSICAL 
SURVEY DATE 8/20/71 CLOUD COVER(pc t.} 5.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0517 1030 1705 
RANGE 1.54 2.27 3.28 
WINDS WATER TEMP SAL SECCHI CURRENT 
S ta. TIME Vel Dir COLOR DEPTH D1r Vel (no) (std}(mpb) (deg) (-C) (-Ioo) (M) (deg}(cm/sec) 
11 1353 9.0 290 .872 31.0 15.92 0.8 45 9.1 
lIB .591 30.0 20.51 
12 1345 ND ND .991 31.5 11.46 ND ND ND 
13 1331 6.0 330 .760 31.3 16.91 0.8 NONE 
13B .293 30.0 26.08 
15 1330 ND ND .606 31.0 20.49 ND ND ND 
17 1312 8.0 310 .358 30.0 23.69 0.9 NONE 
17B .163 29.9 28.88 
18 1308 ND ND .298 30.5 23.78 ND ND ND 
19 1300 5.5 340 .196 30.0 28.96 1.2 NONE 
19B .155 30.0 29,,23 
20 1254 ND ND .605 31.1 20.58 ND ND ND 
21 0835 6.0 72 .115 29.7 29.67 0.9 350 22.2 
21B .096 29.5 30.22 
22 0906 ND ND .080 29.8 30.80 ND ND ND 
23 0915 5.0 125 .079 29.2 31.04 0.9 350 14.1 
23B .073 29.1 31,,18 
25 1206 3.5 310 .312 31.6 26.54 0.9 NONE 
25B .092 30.2 30.68 
26 1221 7.0 330 .159 30.3 29.22 0.9 210 13.0 
26B .124 30.0 30.14 
27 1235 ND ND .176 30.8 29.04 ND ND ND 
28 1243 ND ND .066 30.8 30.64 ND ND ND 
29 1246 ND ND .087 30.7 30.71 ND ND ND 
30 1249 ND ND .074 30.6 31.05 ND ND ND 
32 1106 0.5 65 .122 30.3 30.34 0.9 10 9.1 
328 .085 29.7 31,,33 
33 1238 ND ND .089 3 O. 9 30,,57 ND ND ND 
34 1120 ND ND .120 3 O. 5 29.03 ND ND ND 
35 1125 NONE .125 30.4 29.48 0.9 30 8.0 
358 .116 30.0 30.03 
38 1138 ND ND .250 31.0 27.64 ND ND ND 
39 1143 NONE .222 31.2 27.94 1.0 NONE 
39B .125 30.2 30.20 
41 0935 ND ND .062 29.5 31.21 ND ND ND 
43 0940 ND ND .051 29.5 31.40 ND ND ND 
44 0945 7.8 120 .059 29.5 30.98 1.4 20 11.3 
44B .059 29.5 31.89 
45 1005 ND ND .053 29.9 31.26 ND ND ND 
46 1015 5.0 90 .043 29.2 31.29 1.6 270 20.1 
46B .054 29.5 31.84 
48 1030 ND ND .048 29.2 31.97 ND ND ND 
49 1035 ND ND .047 29.6 31.72 ND ND ND 
50 1042 3.5 90 .053 29.7 28.85 1.9 360 16.8 
SOB .055 29.6 31. 95 
52 1100 ND ND .072 30.0 31.52 ND ND ND 
55 1157 ND ND .206 31.0 28.66 ND ND ND 
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APPENDIX TABLE 9C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 9/23/71 CLOUD COVER(pct.) 2 O. 0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0623 1300 1811 
RANGE 4.70 1.10 4 0 20 2.60 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel 
(no) (std) (lIlph) (deg) (OC) (% 0 ) (M) (deg)(cmlsec) 
11 0815 ND ND 1.235 27.6 4.05 0.5 ND ND 
12 0823 ND ND 1.190 28.0 5.74 0.5 ND ND 
13 0826 ND ND 1.110 28.0 4.59 0.5 ND ND 
14 0828 ND ND 1.067 28.3 6.44 0.8 ND ND 
15 0830 ND ND 1.013 28.3 7.84 0.8 ND ND 
16 0832 ND ND .983 28.2 8.50 0.8 ND ND 
17 0834 ND ND .971 28.5 9.15 0.6 ND ND 
18 0836 ND ND .917 28.6 10.72 0.8 ND ND 
19 0838 ND NO .913 28.7 11.33 0.8 NO ND 
20 0840 ND NO .741 28.8 15.38 0.8 NO NO 
21 0844 NO ND .206 28.8 27.06 1.0 ND ND 
22 0902 NO ND .196 28.9 27.16 1.0 NO NO 
23 0904 NO NO .149 28.7 28.42 0.8 NO ND 
24 0918 ND NO .277 28.5 25.54 0.5 NO NO 
25 0922 NO ND .192 28.8 27.20 0.8 NO NO 
26 0925 NO ND .189 28.8 27.09 0.8 ND NO 
27 0928 NO ND .538 28.9 20.37 0.8 ND ND 
28 0931 ND NO .246 29.0 26.07 0.8 NO ND 
29 0934 ND NO .223 29.0 26.77 0.8 NO ND 
30 0936 NO ND .195 29.0 27.31 1.0 NO ND 
31 0944 ND ND .136 29.0 28.42 0.8 NO NO 
32 0946 NO ND .147 28.9 27.85 1.0 ND NO 
33 1028 ND ND .160 28.9 27.70 1.0 NO NO 
34 0952 ND NO .183 28.9 27.27 0.8 ND ND 
35 0956 NO NO .149 28.9 27.34 0.8 ND NO 
36 1008 ND NO .168 28.5 24.29 1.2B NO NO 
37 1004 ND NO .178 28.9 26.22 0.8 NO NO 
38 1015 ND ND .166 28.7 26.25 1.2 NO ND 
39 1018 NO NO .194 29.0 25.35 1.4B NO NO 
40 1023 ND ND .160 29.0 27.98 0.8 ND NO 
41 1114 ND ND .133 29.0 29.42 1.0 ND ND 
42 1118 ND ND .100 29.0 30.68 1.2 ND ND 
43 1121 ND ND .092 29.0 31.17 1.0 ND ND 
44 1123 ND NO .081 2!.0 30.63 1.0 NO ND 
45 1128 ND ND .096 29.0 30.83 1.2 ND ND 
46 1109 ND ND .097 29.0 30.99 1.2 ND ND 
47 1059 ND ND .065 29.0 32.24 2.2 ND ND 
48 1053 ND ND .085 29.0 31. 22 2.0 ND ND 
49 1050 ND ND .061 28.9 31.93 2.0 ND ND 
50 1043 ND ND .060 28.9 32.03 2.2 ND ND 
51 1039 ND ND .066 28.9 31.74 2.0 ND ND 
52 1036 ND ND .090 29.0 30.18 1.5 ND ND 
53 1033 ND ND .124 28.9 28.46 1.0 ND ND 
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APPENDIX TABLE lOC 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 
HIGH LOW 
10/28/71 CLOUD COVER(pct.) 20.0 
TIDES 
HICH LOW HICH LOW 
TIME 
RANGE 
0512 1217 1918 
0.82 2.18 2.18 
Sta. (no) 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
WINDS 
TIME Vel D1r (std) (.ph) (deg) 
0914 ND ND 
0924 ND ND 
09.27 ND ND 
0929 ND ND 
0931 ND ND 
09.38 ND ND 
0941 ND ND 
0944 ND ND 
0947 ND ND 
0951 ND ND 
09.54 ND ND 
0957 KD ND 
0959 ND ND 
1006 ND ND 
1011 ND ND 
1017 ND ND 
1020 ND ND 
1027 liD ND 
1030 ND ND 
WATER 
COLOR 
.312 
.313 
.240 
.214 
.209 
.157 
.117 
.112 
.096 
.057 
.. 0.38 
.039 
.045 
.035 
.043 
.. 080 
.050 
.036 
.045 
TEMP SAL 
('C) (-'00) 
26.0 19.18 
25 .. 8 18.61 
25 .. 4 20.32 
25.320.80 
25.5 20.81 
25.0 2.1 .. 79 
25 .. 0 22.27 
24.9 22.46 
25.1 22.58 
25 .. 1 23.24 
25 .. 2 24.85 
25.2 24.35 
25 .. 1 24.35 
25 .. 1 24.01 
24 .. 5 24.31 
25.2 22.66 
25.5 23.92 
25.0 25.71 
24.5 24 .. 56 
SECCHI CURRENT 
DEPTH D1r Vel (M) (deg)(cm/sec) 
1.0 ND ND 
0.8 ND ND 
0.8 ND ND 
0 .. 8 ND ND 
1.2 ND ND 
0.8 ND ND 
1.2 ND ND 
0.9 ND ND 
1.2 ND ND 
0.8 RD ND 
1 .. 0 ND ND 
1.5 tm ND 
1.2 ND ND 
ND ND ND 
KD ND ND 
ND ND ND 
ND ND ND 
I'D ND ND 
ND ND ND 
30-53 UNAVAILABLE DUE TO EN6INE 7AILURE: DATA FROM 
P;RODUCTIVITY IUN WILL BE INCOI.POltATED· CURRENT 
WAS VAS TOO STRONG TO READS-ECCHI DEPTH STATIONS 
24.,;29. 
PRODUCTIVITY DATA 
SUaVEY DAT! lO/2S/71 CLOUD COVER(pct.) 40.0 
TIDES 
H.IGH LOW HICH LOW Blf¥ kOW 
illleE 
293 1654 2029 
2.00 3.30 0.30 2.40 
WINDS WATER TEMP SAL SECCDI CURRENT 
Sta. TIME Vel D1r COLOR DEPTH D1r Vel (no) (std)(mph) (deg) (-C) (-'00) (M) (deg)(ca/sec) 
17 0938 ND ND .246 26.0 17.80 1.3 ND ND 20 0930 ND ND .137 26.0 21.40 1.1 ND ND 23 0730 ND ND .042 25 .. 2 24.72 ND ND ND 25 0907 ND ND .073 26 .. 0 22.72 1.2B ND ND 26 0858 ND ND .053 25.6 23.55 1~6 ND ND 29 0742 ND ND .054 24 .. 8 24.22 1.0B ND ND 32 0826 ND ND .044 25.8 22.08 2 .. 0 ND ND 35 0837 ND ND .050 26.0 21..30 2.3 ND ND 39 ND ND ND .051 ND 20.71 ND ND ND 50 0807 ND ND .031 25.5 25.04 1.8 ND ND 
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APPENDIX TABLE lIe 
ANCLOTE WATER QUALITY PlOGRAM 
PHYSICAL 
SURVEY DATE 11/23/71 CLOUD COVER(pet.) 2 O. 0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0142 0905 1624 2058 
RANGE 3.18 2.55 .73 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel D1r COLOR DEPTH D1r Vel (no) (std) (lIpb) (deg) (OC) (°/00) (M) (deg)(ea/see) 
11 1546 ND ND .165 18.6 20.95 1.5 ND ND 
12 1537 ND ND .132 18.5 22.53 0.8 ND ND 
13 1533 ND ND .108 18.2 22.89 0.7 ND ND 
14 1529 ND ND .104 18.3 23.14 0.8 ND ND 
15 1525 ND ND .085 18.1 23.55 0.9 ND ND 
16 1521 ND ND .091 18.1 23.31 0.9 ND ND 
17 1450 ND ND .085 18.2 23.36 2.0 ND ND 
18 1447 ND ND .070 17.5 23.74 2.4 ND ND 
19 1444 ND ND .140 18.4 23.62 1.8 ND ND 
20 1439 ND ND .059 17.4 24.71 2.6 ND ND 
21 1428 ND ND .045 17.2 26.69 1.9 ND ND 
22 1425 ND ND .038 17.6 26.60 2.0 ND ND 
23 1423 ND ND .040 18.0 26.88 1.5 ND ND 
24 1435 ND ND .046 17.4 24.87 1.7 ND ND 
25 1335 ND ND .059 17.2 24.46 2.0 ND ND 
26 1343 ND ND .055 17.2 22.94 1.5B ND ND 
27 1338 ND ND .045 17.3 24.37 2.0B ND ND 
28 1349 ND ND .039 17.3 26.26 2.2 ND ND 
29 1354 ND ND .040 17.4 26.16 1.0B ND ND 
30 1410 ND ND .042 17.4 26.76 1.8 ND ND 
31 1404 ND ND .039 17.3 26.60 1.5 ND ND 
32 1243 ND ND .040 17.1 25.65 1.6 ND ND 
33 1330 ND ND .042 17.2 25.86 2.0 ND ND 
34 1254 ND ND .044 17.1 24.36 2.2 ND ND 
35 1258 ND ND .054 17.0 22.91 2.5B ND ND 
36 1308 ND ND .059 17.0 22.93 1.5B ND ND 
37 1304 ND ND .064 17.0 21.56 2.0B ND ND 
38 1315 ND ND .059 16.8 22.62 2.0B ND ND 
39 1319 ND ND .049 17.2 23.09 2.08 IfD ND 
40 1325 ND ND .044 17.4 24.94 2.2B ND ND 
41 1417 ND ND .032 18.5 28.74 2.2 IfD ND 
42 1055 ND ND .044 17.0 25.82 1.8 ND ND 
43 1059 ND ND .057 16.7 26.61 1.2 ND ND 
44 1103 ND ND .047 16.4 26.36 1.2 ND ND 
45 1107 ND ND .043 16.6 25.53 1.0 ND ND 
46 1115 ND ND .037 17.4 26.61 1.3 ND ND 
47 1120 ND ND .022 17.8 28.28 1.5 ND ND 
48 1124 ND ND .030 17.7 28.78 1.0 ND ND 
49 1130 ND ND .031 17.3 28.64 1.6 IfD ND 
50 1221 IfD ND .023 18.0 31.07 1.5 ND ND 
51 1226 ND ND .026 18.0 29.84 0.8 ND ND 
52 1233 ND ND .032 17.8 28.74 1.5 ND ND 
53 1237 ND ND .034 17.2 28.33 1.0 ND ND 
54 1155 ND ND .022 18.0 31. 53 1.8 ND ND 
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APPENDIX TABLE 12C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 1/23/71 CLOUD COVER(pct. ) 2 O. 0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0323 1106 1511 2242 
RANGE 2.73 .36 1.00 
Sta. TIME WINDS P04-P N0:3-N N~-N Slo..z-Sl D.~ D·O·C 
(no) (std) (lIph) (deg) (ppmx102) (ppax102) <PIax102) ~x102) (ppm) (mg/L) 11 1345 ND ND 5.20 0.83 ND 40.10 ND ND lIB 2.50 0.76 ND 33.70 ND ND 12 ND ND ND 1.50 0.49 ND 25.50 ND ND 13 1325 ND ND ND 0.20 ND 14.60 ND ND 13B ND 0.17 ND 14.30 ND ND 
15 ND ND ND ND 0.15 ND ND ND ND 
17 1310 ND ND ND 0.09 ND 4.50 ND ND 
17B ND 0.02 ND 4.00 ND ND 
18 ND ND ND ND ND ND 14.50 ND ND 19 1250 ND ND ND 0.15 ND 15.30 ND ND 
19B ND 0.01 ND 2.50 ND ND 20 ND ND 10) ND 0.02 ND 9.50 HD ND 
21 0808 ND N.D ND 2.09 ND 6.00 ND ND 21B ND 0.-16 liD 5.90 ND ND 22 ND ND ND ND ND ND 5.30 ND ND 
23 0827 ND ND ND ND ND 6.50 ND ND 23B ND 0.11 ND 9.40 ND ND 
25 1135 ND ND 4.30 0.16 ND 39.60 ND ND 
25B .60 0.15 ND 7.20 ND ND 
26 1155 ND ND .90 0.24 ND 5.60 ND ND 
26B ND 0.06 ND 5.70 ND ND 
27 ND ND ND ND ND ND 5.81 ND ND 
28 ND ND ND ND ND ND 4.50 ND ND 
29 ND ND ND .90 ND ND 12.20 ND ND 
30 ND ND ND ND 0.01 ND 4.80 ND ND 
32 1034 1m ND ND 0.12 ND 5.00 ND ND 
32B ND 0.09 ND 4.10 ND ND 
33 ND ND ND 1.00 0.08 ND 19.00 ND ND 
34 ND ND ND ND 0.05 ND 6.10 ND ND 
35 1100 ND ND ND 0.11 ND 1.50 ND ND 
35B ND 0.12 ND 5.80 ND ND 
38 ND ND ND ND 0.03 ND 8.00 ND ND 
39 1120 ND ND ND 0.07 ND 4.40 ND ND 
39B ND 0.27 ND 10.50 ND ND 
41 ND ND ND .70 0.03 ND 9.00 ND ND 
43 ND ND ND 1.00 ND ND 6.00 ND ND 
44 0908 ND ND 1.00 0.32 ND 8.20 ND ND 
44B ND .16 ND 10.50 ND ND 
45 ND ND ND ND 0.02 ND 2.30 ND ND 
46 0843 ND ND .90 0.22 ND 6.30 ND ND 
46B ND 0.04 ND 3.10 ND ND 
48 ND ND ND ND 0.07 ND 4.80 ND ND 
49 ND ND ND .50 0.03 ND 11.00 ND ND 
50 1000 ND ND .60 ND ND 4.70 ND ND 
50B ND 0.01 ND 5.10 ND ND 
52 ND ND ND ND ND ND 5.40 ND ND 
55 ND ND ND ND ND ND 1.60 ND ND 
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APPENDIX TABLE l3C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 2/27/71 CLOUD COVER(pct.) ND 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0053 0659 1312 1923 
RANGE 3.18 3.18 3.46 
Sta. TIME WINDS P04-P N0:3-N N~-N S1~-Si D.~ D·O·C 
(no) (std) (mph) (deg) (ppDx102) (ppax102) <Ps-x102) (ppDx102) . (PPIIl) (1Ig/L) 
11 1245 ND ND ND ND ND ND ND 16.1 
lIB 2.20 0.20 T 44.00 ND ND 
12 1237 ND ND 1.10 0.10 1.00 21.00 ltD ND 
13 1227 ND ND 2.10 0.15 T 38.80 ND ND 
13B 1.50 0.03 T 23.00 ND ND 
15 1217 ND ND T 0.02 .60 4.00 ND ND 
17 1204 ND ND 1.20 ND T 16.30 ND 13.3 
17B .80 0.07 T 5.80 ND ND 
18 1156 ND ND 1.10 0.10 T 26.90 ND ND 
19 1136 ND ND 1.10 0.08 T 21.10 ND ND 
20 1129 ND ND 1.00 0.16 T 4.20 ND ND 
21 0826 ND ND 1.10 0.09 T 13.60 ND ND 
21B 1.00 ND ND 4.00 ND ND 
22 0831 ND ND 1. 40 0.08 T 3.20 ND ND 
23 0825 ND ND 1.30 0.02 T 4.00 ND ND 
23B 1.80 ND ND 3.90 ND ND 
25 1045 ND ND 3.80 0.16 ND 4.40 ND ND 
25B 1.80 0.09 T 23.80 ND ND 
26 1032 ND ND 2.10 0.15 T 5.50 ND 15.3 
26B 1.60 0.23 T 2.30 ND ND 
27 1056 ND ND 2.20 0.18 T 5.70 ND ND 
28 1100 ND ND 1.40 0.09 .10 7.60 ND ND 
29 1104 ND ND 1.40 0.09 .30 1.80 ND ND 
30 1108 ND ND 1.90 0.01 T 2.50 ND ND 
32 0945 ND ND 1.70 ND T 3.80 ND 14.0 
32B 1. 90 0.07 T 3.80 ND ND 
33 1116 ND ND 1.60 0.03 T 2.70 ND ND 
34 0954 ND ND 1.70 0.18 T 2.10 ND ND 
35 0958 ND ND 1.90 0.34 T 2.60 ND ND 
35B T ND .50 T ND ND 
38 1008 ND ND T ND .30 T ND ND 
39 1012 ND ND 3.20 0.04 .30 7.60 ND ND 
39B 1.90 0.03 .50 3.50 ND ND 
41 0836 ND ND 1.40 0.03 T 3.60 ND ND 
43 0855 ND ND 1.60 0.14 T 3.20 ND ND 
44 0840 ND ND 1.30 0.07 T 4.50 ND ND 
44B 1.40 0.02 T 3.80 ND ND 
45 0850 ND ND 1.50 0.04 T 3.00 ND ND 
46 0858 ND ND 1.40 0.04 T 4.40 ND ND 
46B 1.40 0.04 T 4.30 ND ND 
48 0909 ND ND 1.70 0.12 T 5.40 ND ND 
49 0913 ND ND 1.80 0.09 T 2.80 ND ND 
50 0926 ND ND 1.60 0.05 T 2.20 ND 12.0 
SOB 2.00 0.26 T 4.50 ND ND 
52 0937 ND ND 1.80 0.05 T 3.50 ND ND 
55 1023 ND ND 1.50 0.08 .30 5.00 ND ND 
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APPENDIX TABLE 14C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 3/25/71 CLOUD COVER(pet.) NO 
TIOES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0453 1118 1705 
RANGE 3.09 4.55 
Stat TIME WINOS P04-P N0:3-N N"l-N S1~-S1 O.~ O·O·C 
(no) (std)(mph) (deg) (ppaxl02) (ppaxl02) (ppax102) (ppaxl02) (ppm) (mg /L) 
11 1243 NO NO 9.80 7.88 2.50 24.70 ND NO 
lIB 2.80 0.41 1.70 20.70 NO NO 
12 NO ND ND 4.00 0.05 1.40 8.20 NO ND 
13 1224 ND ND 5.00 0.66 1.00 15.30 ND ND 
13B 3.50 0.53 1.30 14.90 NO ND 
15 ND NO ND ND 0.07 .90 4.90 ND ND 
17 1208 ND NO 3.30 0.36 1.20 7.70 ND ND 
17B 2.30 0.38 1.40 13.30 ND ND 
18 1201 ND ND 2.00 0.08 1.00 6.70 ND ND 
19 1156 ND ND 1.50 0.34 1.00 4.50 NO ND 
19B 1.50 0.36 1.40 9.50 ND NO 
20 1104 NO NO 1. 50 0.07 1.20 4.00 NO ND 
21 0805 NO NO 2.30 0.45 1.90 3.20 ND NO 
21B 1.90 0.23 1.10 3.20 NO NO 
22 0820 ND NO NO 0.10 1.70 9.60 NO 8.0 
23 0825 ND NO 3.00 0.25 2.80 8.80 NO NO 
23B 2.50 0.30 1.80 5.90 NO NO 
25 1136 NO NO .80 0.43 1.90 13.10 NO ND 
25B .80 0.45 2.30 12.10 NO ND 
26 1055 ND NO .60 0.36 1.10 1.70 NO NO 
26B 1.90 0.29 2.00 1.70 NO NO 
27 1110 ND NO NO 0.05 1.10 11.70 ND NO 
28 1120 NO NO .50 0.06 .90 4.00 NO 2 0.0 
29 1123 NO NO .90 0.07 2.30 11.10 NO ND 
30 1126 NO N.O .50 T 1.50 5.40 ND NO 
32 1003 NO NO 1.00 0.34 2.00 7.10 ND ND 
32B .50 0.09 1.50 .80 NO NO 
33 1015 NO NO NO T 1.30 10.70 NO NO 
34 NO NO NO 1.50 0.07 1.20 5.20 NO ND 
35 1020 NO ND .80 0.17 .70 1.30 NO NO 
35B 1.00 0.13 1.00 5.60 NO NO 
38 1032 NO NO 1.50 0.06 1.80 7.40 NO ND 
39 1035 ID ND 1.50 0.29 1.70 2.50 NO NO 
39B .50 0.19 .90 .80 NO ND 
41 0838 ND ND NO 0.01 1.70 6.00 ND NO 
43 0844 ND ND NO 0.08 1.70 7.00 ND ND 
44 0850 ND ND NO 0.34 1.80 6.80 ND ND 
44B ND 0.3' 1.40 8.00 ND ND 
45 0902 ND NO 1.00 0.29 2.70 21.40 NO NO 
46 0909 ND NO 1.50 0.40 2.00 6.80 ND ND 
46B 1.40 0.42 1.50 13.70 NO NO 
48 0925 NI ID 1.40 0.13 1.80 5.90 ND ND 
49 0940 ND ND NO 0.10 1.60 10.10 NO NO 
SO 0945 NO NO .60 0.32 1.90 2.90 NO 12.5 
SOB NO 0.36 1.80 3.30 NO NO 
S2 0958 NO NO 1.30 0.01 2.00 6.50 ND NO 
S5 1050 ND NO NO 0.04 1.80 3.20 NO NO 
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APPENDIX TABLE 15C 
ANCLOTE WATEI QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 4/17/71 CLOUD COVER(pct.) 5.0 
TIDES 
HIGH LOW HIGH. LOW HIGH LOW 
TIME 0542 0829 1500 
RANGE 2.09 .. 09 1 .. 00 
Sta. TIME WINDS P04-P NO:l-R N~-N S1~-Si D.~ D·O·C 
(no) (std) (Ilph) (de3) ~x102) ~102) (ppax102) ~x102) (P.,~( ·)JIJ~./l ) 11 1337 ND N 26.20 ' 1~00 · 8~10 3() ~ 00 
lIB 4.20 0 .. 28 1.80 :l0.50 7.7 ND 
12 1330 ND ND 7.80 0.11 1.90 27.80 ND ND 
13 1320 ND ND 9.20 0.28 1.70 20.40 7.8 ND 
13B 7.40 0.28 2.60 27.00 7.8 ND 
15 1314 If 0 NO 7.20 0.35 3 • .50 18.80 ND ND 
17 1257 ND ND 5.90 0.39 2.40 25.00 9.5 13.3 
17B 4.10 0.36 1.60 27.50 8.8 ND 
18 1254 NO ND 4.00 0.08 1.40 14.50 ND ND 
19 1243 ND ND 5.00 0.27 1.90 7.40 9.7 ND 
19B 2.30 0.35 3.10 9.20 9.2 ND 
20 1238 ND NO 2.00 0.04 2.30 19.70 ND ND 
21 0750 ND NO 4.30 0.24 1.80 39.80 8.6 ND 
21B 7.60 0.19 1.30 12.50 8.6 ND 
22 0814 ND ND 4.50 0.14 2.50 13.60 ND ND 
23 0819 ND ND 5.00 0.35 1.90 26.30 8.2 ND 
23B 3.00 0 .. 33 2.10 20.80 7.8 NO 
25 1138 ND ND 1.60 0.32 4.00 2.50 8.5 ND 
25B 2.30 0.35 5.00 2.60 8.2 ND 
26 1156 ND NO 5.40 0.47 ND 16.10 10.7 5.4 
26B 3.60 0.55 NO 12.90 11.2 ND 
27 1152 NO ND 3.10 0.17 NO 22.90 ND ND 
28 1218 ND ND 2.00 0.04 3.50 3.70 ND ND 
29 1222 ND ND 1.50 0.15 2.60 8.70 ND ND 
30 1226 ND ND 3.10 0.11 4.40 16.10 ND ND 
32 1032 ND ND 3.30 0.38 2.20 58.60 8.7 6.4 
32B 3.10 0.38 2.40 33.10 8.2 ND 
33 1213 ND ND 2.50 0.18 3.50 3.40 ND ND 
34 1050 ND ND 2.60 0.44 1.70 14.60 ND ND 
35 1055 ND ND 2.10 0.36 2.10 15.60 7.8 ND 
35B 1.20 0.37 2.70 19.00 8.5 ND 
38 1113 ND ND 1.80 ND ND 14.80 ND ND 
39 1112 ND ND 1.60 0.32 ND ND ND ND 
39B 1.80 0.26 Nt) 11.60 ND ND 
41 0837 ND ND 4.00 0.08 2.20 9.80 ND ND 
43 0841 ND ND 1.00 0.10 3.90 5.70 Nil ND 
44 0845 ND ND 6.90 0.24 3.20 13.40 7.5 ND 
44B 4.50 0.25 3.40 3.40 8.5 ND 
45 0900 ND ND 3.30 0.17 3.10 14.80 ND ND 
46 0910 ND ND 2.50 0.32 3.60 9.00 8.0 ND 
468 2.20 0.35 1.90 13.10 8.2 ND 
48 0928 NO ND 4.50 0.13 ND 27.10 ND ND 
49 0956 ND ND 6.00 0.30 ND 34.50 ND ND 
50 1003 ND ND 8.00 0.30 ND 29.60 8.5 6.5 
SOB 3.00 0.70 ND 8.20 7.6 ND 
52 1024 ND ND 4.20 0.53 ND 13.90 ND ND 
55 1130 ND ND 2.60 0.20 ND 12.40 ND ND 
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APPENDIX TABLE 16C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 5/17/71 CLOUD COVER(pct.) 20.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0512 0953 1542 
RANGE 2.27 .67 .91 
Sta. TIME WINDS P04-P N~-N N~-N S1~-S1 D .02 D·O·C (no) (std)(m;h) (deg) <PIxax102) (ppDx102) (ppax102) (ppDx102) (ppm) (mg/L) 
11 1432 .3 290 ND ND ND ND 7.9 ND 
lIB ND ND ND ND 7.5 ND 
12 1425 ND ND 3.70 0.12 1.30 32.50 ND ND 
13 1409 15.9 320 3.70 0.52 2.00 31.30 8.9 ND 
13B 12.30 1.83 8.90 62.10 9.8 ND 
15 1404 NO ND 1.90 ND 1.60 15.80 ND ND 
17 1350 14.0 325 2.60 0.41 2.50 18.30 8.8 7.9 17B 2.50 0.47 3.70 34.§0 7.8 ND 16 1347 ND ND 1.90 0.12 1.80 16. 0 ND ND 
19 1332 13.3 334 2.60 0.50 3.40 23.30 8.2 ND 
19B 1.90 0.36 2.90 15.00 8.3 ND 
20 1328 ND ND 1.90 0.08 4.30 19.40 ND ND 
21 0854 9.7 040 1.60 0.25 6.40 7.50 7.2 ND 
21B 1.70 0.23 2.40 16.40 6.3 ND 
22 0915 ND ND 2.20 0.17 2.90 6.40 ND ND 
23 0920 15.0 025 1.40 0.42 4.40 3.60 7.8 ND 
23B 4.00 0.50 3.70 4.40 7.8 ND 
25 1233 13.6 352 ND 0.36 ND ND 8.1 ND 
25B ND ND ND ND 8.2 ND 
26 1251 13.1 358 0.60 0.25 2.10 11.80 11.6 ND 
26B 1.40 0.24 3.00 29.20 11.4 ND 
27 1247 ND ND 2.10 0.13 2.30 32.90 ND ND 
28 1312 ND ND 1.90 0.24 6.30 13.40 ND ND 
29 1317 ND ND 1.10 0.14 4.00 2.80 ND ND 
30 1319 ND ND 1.40 0.19 3.20 5.50 ND ND 
32 1113 10.8 14 1.10 0.37 ND 8.70 7.5 ND 
32B 1.50 0.46 3.20 7.80 7.2 DB 33 1228 ND ND ~:13 0.17 2.70 11.10 ND 34 1129 NO ND Q. ~9 2.80 6.60 NO ND 
35 1133 8.2 004 3.10 1.45 4.50 26.60 7.8 ND 
35B 0.70 0.33 1.90 6.00 8.0 ND 
38 1203 ND ND 1.70 0.17 4.20 21.20 ND ND 39 1208 10.5 356 2.00 0.72 9.10 48.00 8.2 ND 
39B 4.20 0.75 ND 20.60 7.7 ND 
41 0942 ND ND 1.60 0.18 3.40 7.10 ND ND 
43 0947 ND ND 1.90 0.14 2.90 1.40 ND ND 
44 0950 14.0 025 1.00 0.23 2.40 T 7.6 ND 
44B 1.40 0.24 3.40 T 7.6 ND 
45 1006 ND ND 1.40 0.09 2.50 6.20 ND ND 
46 1014 12.2 060 1.40 0.31 4.20 1.90 6.6 ND 
46B 1.10 0.37 4.40 2.30 6.5 ND 
48 1033 ND ND 1. 20 0.27 3.90 5.80 ND ND 
49 1039 ND ND 1.70 0.24 5.80 T ND ND 
50 1047 12.4 010 ND ND ND ND 7.8 ND 
SOB 1.70 0.44 9.00 1.70 8.0 ND 
52 1106 ND ND 2.10 0.21 8.90 3.70 ND ND 
55 1223 ND ND 1.20 0.11 2.60 18.20 ND ND 
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APPENDIX TABLE 17C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 6/25/71 CLOUD COVER(pct.) 80.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0112 0541 1148 1852 
RANGE 0.91 1.82 3.46 
Sta. TIME WINDS P04-P NO:1-N Nt;-N S100.l-S1 D .o.z D·O·C 
(no) (std) (mph) (deg) (ppDx102) (ppax1 0 2) (ppmx102) (ppDx102) (PIa) (ag/L) 
11 1432 ND ND 7.80 0.41 1.90 21.20 .3 13.3 
lIB ND 0.21 5.10 59.60 6.9 ND 
12 1421 ND ND ND 0.35 2.00 29.20 7.4 ND 
13 1358 ND ND ND 0.17 T 24.30 7.8 ND 
13B 7.60 2.59 5.50 20.40 7.4 ND 
15 1344 RD ND 1.90 0.16 T 41.60 7.9 ND 
17 1308 ND ND 41.30 0.20 T 10.60 8.0 31.9 
17B 1.90 0.68 T 29.50 7.5 ND 
18 1257 ND ND 16.00 0.20 1.00 4.60 8.6 ND 
19 1230 ND ND 2.60 0.26 1.50 6.30 8.2 ND 
19B 1.40 0.44 0.50 4.80 7.4 ND 
20 1220 ND ND 1.10 0.25 0.70 .70 8.4 ND 
21 1147 ND ND 7.90 0.25 0.80 2.80 7.6 ND 
21B 1.10 0.45 T 6.30 7.5 ND 
22 0951 ND ND 1.10 0.10 0.40 6.10 7.3 ND 
23 1008 ND ND 1.80 0.29 0.40 3.90 6.9 ND 
23B 2.40 0.69 T 15.90 6.8 ND 
25 1600 7.3 290 1.60 0.28 0.50 5.80 ND ND 
25B 1.60 0.57 0.50 7.80 ND ND 
26 1527 NONE 2.80 0.35 T 7.60 ND 11. 6 
26B 1.90 0.50 T 6.40 ND ND 
27 1549 ND ND 1.10 0.53 0.50 10.80 ND ND 
28 1636 ND ND 1.30 0.32 0.50 38.30 ND ND 
29 1645 ND ND 2.10 0.40 T 12.50 ND ND 
30 1656 ND ND 2.10 0.15 0.10 23.70 ND 31.9 
32 1341 5.3 250 2.90 0.28 1.20 6.50 10.0 ND 
32B 1.50 0.60 0.10 2.80 8.0 ND 
33 1625 ND ND 1.40 0.37 0.50 .60 ND ND 
34 1402 ND ND 1.10 0.49 0.10 6.90 ND ND 
35 1421 8.8 250 2.40 0.28 0.10 4.90 ND ND 
35B 2.70 0.68 0.80 3.90 ND ND 
38 1438 ND ND 0.50 0.30 1.00 .10 ND ND 
39 1448 6.1 270 2.50 0.38 1.60 3.90 ND ND 
39B 1.20 0.60 0.10 4.40 ND ND 
41 1032 ND ND 0.70 0.38 0.10 .10 6.9 ND 
43 1055 ND ND 1.80 0.29 1.20 48.70 7.6 ND 
44 1106 ND ND 1.90 0.26 0.20 27.70 8.1 ND 
44B 1.00 0.1i8 0.30 39.40 7.9 ND 
45 1137 ND ND 1.40 0.40 0.40 49.40 8.1 ND 
46 ND ND ND ND ND ND ND Nn ND 
48 1200 ND ND 2.00 0.32 0.10 2.90 ND ND 
49 1221 ND ND 1.10 0.21 0.10 1.20 ND ND 
50 1248 11.5 250 1.90 0.21 0.10 1.60 11.5 11.2 
SOB 0.20 0.53 0.10 3.10 12.5 ND 
52 1324 ND ND 1.40 0.22 0.10 4.80 ND ND 
55 1518 ND ND 0.60 0.38 0.70 .10 ND ND 
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APPENDIX TABLE l8C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 7/24/71 CLOUD COVER(pct. ) 70.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0300 0541 1148 1829 
RANGE 1. 54 1. 27 3.28 
Sta. TIME WINDS P04-P N~ .. N N'1-N S1~-Sl D'~ D·O·C 
(no) (std) (aph) (deg) (ppIlx102) (ppax102) (ppax102) (ppax10 2) (ppm) (mg/L) 
11 1437 8.0 225 ND ND ND ND ND ND 
lIB 7.20 1.72 3.40 74.50 ND ND 
12 1429 ND ND 3.50 0.03 5.80 35.70 ND ND 
13 1415 9.8 90 3.10 0.46 5.40 58.00 ND ND 
13B 3.60 0."64 5.60 86.10 ND ND 
15 1410 ND ND 3.40 0.03 6.60 31.50 ND ND 
17 1357 4.0 90 4.50 0.53 5.60 57.50 ND 15.3 
17B 5.50 0.50 4.60 64.40 NO ND 
18 1354 ND NO 4.20 0.03 8.00 38.30 ND ND 
19 1342 11.2 170 5.70 0.37 4.20 55.70 NO ND 
19B 2.90 0.24 10.70 56.50 ND ND 
20 1336 ND ND 3.00 ND 3.40 75.40 ND ND 
21 0846 15.0 170 1.80 0.10 5.70 27.60 NO ND 
21B 2.30 0.41 T 27.20 ND ND 
22 0920 ND ND 3.50 ND 4.50 26.00 ND ND 
23 0930 17.0 170 1.50 0.13 5.30 20.00 ND ND 
23B 6.00 0.05 7.10 14.50 NO ND 
25 1257 14.0 170 3.80 0.06 2.30 47.60 ND ND 
25B 2.00 0.05 4.00 44.50 ND ND 
26 1238 13.6 170 3.20 0.14 5.00 46.20 ND 18.6 
26B 3.20 0.05 4.00 31.20 ND ND 
27 1254 ND ND 2.40 ND 3.10 41.10 ND ND 
28 1321 ND ND 2.50 ND 7.90 26.00 ND ND 
29 1326 ND ND 1.90 0.06 7.40 38.30 ND ND 
30 1330 ND ND 13.00 0.09 7.20 24.60 ND ND 
32 1145 24.2 170 2.50 0.04 5.00 24.80 ND 21.2 
32B 2.40 0.05 2.90 21.70 ND ND 
33 1315 ND ND 3.60 ND 10.40 62.00 ND ND 
34 1156 ND ND 2.60 ND 3.80 40.80 ND ND 
35 1200 15.0 170 3.00 0.58 2.30 58.00 ND ND 
35B 2.50 0.30 0.10 44.80 ND ND 
38 1217 ND ND 7.20 ND 1.80 50.40 ND ND 
39 1221 16.3 170 4.00 0.15 3.60 57.60 ND ND 
39B 5.60 0.20 4.20 48.40 ND ND 
41 0955 ND ND 2.90 ND 5.00 30.50 ND ND 
43 1006 ND ND 1.50 ND 4.10 16.00 ND ND 
44 1010 14.0 170 2.20 0.03 3.50 54.00 ND ND 
44B 2.40 ND 5.20 47.50 ND ND 
45 1030 ND ND 3.80 ND 5.40 58.80 ND ND 
46 1039 20.0 170 1. 80 0.01 3.30 10.00 ND ND 
46B 1.70 0.01 3.10 13.20 ND ND 
48 ND ND ND ND ND ND 1m ND ND 
49 1104 ND ND 2.40 ND 4.40 22.50 ND ND 
50 1115 20.5 170 1.60 0.05 4.20 34.60 ND 21.4 
SOB 2.10 0.01 4.90 40.50 ND ND 
52 1135 ND ND 2.00 ND 4.40 39.40 ND ND 
55 1234 ND ND 3.30 ND ND 50.00 ND ND 
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APPENDIX TABLE 19C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 8/20/71 CLOUD COVER(pct.) 5.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0517 1030 1705 
RANGE 1.54 2.27 3.28 
Sta. TIME WINDS P04-P N~-N N~-N S1~-S1 D .02 D·o·e 
(no) (std)(mph) (deg) <PJmxl02) (ppnxl02) (ppnx102) (ppnx102) (ppm) (mg/L) 
11 1353 9.0 290 23.60 2.47 16.20 233.00 4.3 19.4 
lIB 5.20 1.62 12.30 152.60 3.7 ND 
12 1345 ND ND 15.60 1. 39 1. 20 HD ND ND 
13 1331 6.0 330 8.20 1. 96 8.40 181.40 5.2 ND 
13B 2.00 0.55 2.40 47.40 5.0 ND 
15 1330 ND ND 5.80 0.65 1. 80 114.80 ND ND 
17 1312 8.0 310 8.60 0.24 1. 50 62.00 5.6 19.0 
17B 3.80 0.23 1. 00 19.80 5.9 ND 
18 1308 ND ND 4.80 0.34 1.80 42.00 ND ND 
19 1300 5.5 340 10.60 0.43 2.70 25.20 6.8 ND 
19B 4.00 0.28 ND 12.20 6.9 ND 
20 1254 ND ND 4.20 0.03 1. 80 115.40 ND ND 
21 0835 6.0 072 3.00 0.25 0.90 8.20 7 • 9 ND 
21B 3.20 0.24 1.40 9.40 7 • 7 ND 
22 0906 ND ND 3.80 0.09 1.30 12.20 ND ND 
23 0915 5.0 125 9.20 0.28 2.00 9.00 7 • 7 ND 
23B 7.80 0.46 1.30 2.60 7 • 6 ND 
25 1206 3.5 310 2.80 0.20 1.40 41.10 8.7 NT) 
25B 17.70 0.27 1. 30 4.50 7 .9 NT) 
26 1221 7.0 330 2.20 0.40 0.90 11.70 8.4 27 .0 
26B 2.50 0.26 1.90 9.40 7.6 ND 
27 1235 ND ND 4.60 0.05 1.60 27.70 NT) ND 
28 1243 ND ND 4.80 0.11 ND 5. 50 ND ND 
29 1246 ND ND 4.10 0.25 1.0r) 12.60 ND ND 
30 1249 NT) ND 13.50 0.18 1. 50 8.1n ND ND 
32 1106 0.5 065 7.00 0.21 1.40 12.40 8.9 13.4 
32B 12.70 0.22 0.50 5.60 8.5 ND 
33 1238 ND ND 2.70 0.18 1.00 7.10 ND ND 
34 1120 ND ND 4.00 0.07 1.50 10.50 ND ND 
35 1125 NONE 2.40 0.28 1. 70 14.00 8.7 ND 
35B 18.30 0.30 1. 20 20.20 7.2 ND 
38 1138 ND ND 3.40 ND 1. 20 36.60 ND ND 
39 1143 NONE 2.70 0.41 1.20 33.50 8.7 ND 
39B 6.40 0.20 1.00 8.30 8.0 ND 
41 0935 ND ND 3.20 0.07 1.50 2.80 ND ND 
43 0940 ND ND 4.40 0.22 0.70 14.00 ND ND 
44 0945 7.8 123 11.00 0.78 ND 8.10 8.4 ND 
44B 1.80 0.11 0.90 8.30 8.3 ND 
45 1005 ND ND 3.00 0.31 1.30 10.50 ND ND 
46 1015 5.0 090 2.50 .76 1. 50 7.30 7 .7 ND 
46B 2.80 0.46 1. 50 3.50 7 .4 ND 
48 1030 ND ND 2.30 0.69 2.20 23.90 ND ND 
49 1035 ND ND 3.10 0.20 1. 80 13.90 ND ND 
50 1042 3.5 090 5.40 0.18 0.60 6.60 9.0 9.5 
SOB ND ND ND ND 8.6 ND 
52 1100 ND ND 8.10 0.29 1. 70 3.60 ND ND 
55 1157 ND ND 5.80 0.38 0.70 22.00 ND ND 
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APPENDIX TABLE 20C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 9/23/71 CLOUD COVER(pet.) 20.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0623 1300 1811 
RANGE 4.70 1.10 4.20 2.60 
Sta. TIME lHNDS P04-P N0:3 - N N~-N S1~-S1 D .02 D·O·C 
(no) (std)(mph) (deg) (pp!lx102) (ppax102) (ppax102) (:ppax 1 02) (ppm) (mg/L) 
11 0815 ND ND 32.90 9.19 11.90 384.00 Nn 26.2 
12 0823 ND ND 32.20 8.58 16.40 381.00 ND ND 
13 0~26 ND ND 31. 90 7.23 18.10 369.00 ND ND 
14 0828 ND ND 30.50 6.27 19.60 358.00 ND ND 
15 0830 ND ND 31.00 5.78 20.40 343.00 ND ND 
16 :)832 ND ND 32.00 5.61 20.00 831.00 ND ND 
17 0834 ND ND 29.90 5.46 20.30 327.00 ND 12. 7 
18 0836 ND ND 28.00 4.91 20.40 296.00 ND ND 
19 0838 ND ND 26.20 4.64 19.90 280.00 ND ND 
20 0840 ND ND 20.40 3.33 16.10 215.00 ND ND 
21 0844 ND ND 4.90 0.11 3.40 38.00 ND ND 
22 0902 ND ND 4.10 0.11 2.70 37.40 ND ND 
23 0904 ND ND 5.10 T 16.50 20.40 ND ND 
24 0918 ND ND 7.00 0.56 5.20 63.20 ND ND 
25 0922 ND ND 5.90 0.12 3.10 5.10 ND ND 
26 0925 ND ND 9.20 0.04 2.90 27.10 ND ND 
27 0928 ND ND 12.70 1.79 7.20 ND ND ND 
28 0931 ND ND 5.60 0.49 3.20 45.00 ND ND 
29 0934 ND ND 4.90 0.29 2.30 33.30 ND ND 
30 0936 ND ND 6.10 0.10 2.00 29.60 ND ND 
31 0944 ND ND 3.40 0.05 2.30 239.00 ND ND 
32 0946 ND ND 4.20 0.11 2.40 41.20 ND 10.1 
33 1028 ND ND 3.70 0.08 2.20 31.00 ND ND 
34 0952 ND ND 3.90 0.05 T 33.90 ND ND 
35 0956 ND ND 3.80 1.36 ND 46.20 ND ND 
36 1008 ND ND 2.80 0.01 1.90 14.50 ND 10.0 
37 1004 ND ND 3.70 0.03 2.00 37.90 ND ND 
38 1015 ND ND 4.00 0.09 3.30 30.00 ND ND 
39 1018 ND ND 4.00 1.40 2.20 34.10 ND ND 
40 1023 ND ND 4.80 0.07 2.30 37.20 ND ND 
41 1114 ND ND 5.40 0.03 1.90 32.00 ND ND 
42 1118 ND ND 5.10 0.05 1.90 8.80 ND ND 
43 1121 IfD ND 5.70 0.04 1.60 35.10 ND ND 
44 1123 ND ND 5.20 0.12 2.30 29.80 ND ND 
45 1128 ND ND 6.60 0.04 1.60 23.10 IfD ND 
46 1109 ND ND 7.20 0.12 3.20 36.20 ND ND 
47 1059 ND ND 10.60 0.37 3.00 13.30 ND ND 
41 1053 ND ND 8.20 0.08 1.90 10.40 ND ND 
49 1050 ND ND 7.70 0.07 2.40 12.90 ND ND 
50 1043 ND ND 7.50 0.04 2.40 12.50 ND 10.2 
51 1039 ND ND 6.80 0.05 1.90 13.90 ND ND 
52 1036 ND ND 5.60 0.06 1.60 21.30 ND ND 
53 1033 ND ND 3.90 0.05 1.10 42.90 ND ND 
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APPENDIX TABLE 2IC 
ANCLOTE WATER aUALITY PROGRAM 
CHE ICAL 
SURVEY DATE 10/28/71 CLOUD COVER(pct. ) 20.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0512 1217 1918 
RANGE 0.82 2.18 2.18 
Sta. TIME WINDS P04 -P N03 -N N~-N S100z- 3 D .02 D·O·C (no) (_8 t d) (11 ph) (d e g ) (ppnx102) (ppRx102) (ppDx102) (ppmx10 ) (ppm) (mg/L) 
11 0914 ND ND 40.30 l.Ol 7.20 97.10 ND 11.0 
12 0924 ND ND 22.70 1.16 6.20 100.00+ ND 11. 5 
13 0927 ND ND 6.10 0.69 3.10 66.10 ND 9.9 
14 0929 ND ND 8.10 0.85 3.00 54.90 ND 10.1 
15 0931 ND ND 5.30 0.43 3.40 5.30 ND 10.0 
16 0938 ND ND 3.50 3.06 3.20 30.80 ND 10.7 
17 0941 ND ND 3.70 0.53 2.60 23.50 ND 9.3 
18 0944 ND ND 6.60 0.41 2.10 22.7Q ND 10.7 
19 0947 ND ND 5.30 0.57 3.00 28.90 ND 9.1 
20 0951 ND ND 5.80 0.49 2.10 14.50 ND 9.6 
21 0954 ND ND 9.30 0.44 2.60 19.30 ND 8.4 
22 0957 ND ND 15.80 0.59 2.10 12.50 ND 12.4 
23 0959 ND ND 8.50 0.13 2.60 32.70 ND B.3 
24 1006 ND ND 3.50 0.15 1.50 15.10 ND B.5 
25 1011 ND ND 3.90 0.39 2.70 14.40 ND 7.3 
26 1017 ND ND 14.20 0.39 c,")"'/ 2.10 15.00 ND 7 .5 
27 1020 ND ND 23.50 0 . 36 2.00 14.00 ND 8.1 
28 1027 ND ND 8.30 0.42 1.80 14.20 ND 6.3 
29 1030 ND ND 10.10 0.46 1.30 12.30 ND 7.0 
lO-53 UNAVAILABLE DUE TO ENGINE FAILURE; DATA FROM PRODUCTIVITY 
RUN WILL BE INCORPORATED· 
PRODUCTIVITY DATA 
SURVEY DATE 10/25/71 CLOUD COVER(pct.) 40.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0142 0293 1654 2029 
RANGE 2.00 3.30 O.lO 2.40 
Sta. TIME WINDS P04 -P N<l.3 - N N~-N S1~-~ D .02 D·O·C 
(no) (std)(.ph)(deg) (ppmx102) (ppnx102) <PJax102) (ppax10 ) (ppm) (mg/L) 
17 0938 ND ND 11.10 7.75 9.30 ND ND 11.4 
20 0930 ND ND 4.80 ND 4.70 45.30 ND 9.6 
23 0730 ND ND 4.00 2.36 l.10 9.50 ND B.O 
25 0907 ND ND 4.00 0.79 2.40 20.90 ND 8.3 
26 "0858 ND ND 2.50 2.5-6 3.00 12.10 ND B.4 
29 0742 ND ND 2.00 ND 3.40 23.50 ND 8.5 
32 0826 ND ND 1.80 ND 2.10 12.30 ND ND 
l5 0837 ND ND 2.50 8.83 2.90 11.80 ND 12.1 
50 OB07 ND ND 2.80 1.99 2.80 5.90 ND 13.4 
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APPENDIX TABLE 22C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 11/23/71 CLOUD COVER(pct.) 20.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0142 0905 ]624 2028 
RANGE 3.18 2.55 .73 
Sta. TIME tUNDS P04 -P N0:3 -N N'1- N Si~-3 D.~ D·O·C 
(no) (std)(mph)(deg) (ppnx102) (ppmx 102) (ppax 102) (ppDx10 ) (ppm) (Ilg/L) 
11 1546 ND ND 14.40 2.96 5.00 ND ND 9.4 
12 1537 ND ND 7.40 15.90 2.50 60.40 ND ND 
13 1533 ND ND 19.40 4.84 3.40 52.60 ND ND 
14 1529 ND ND 10.50 1. 96 2.40 53.30 ND ND 
15 1525 ND ND 22.10 4.54 6.30 52.40 ND ND 
16 1521 ND ND 8.50 3.67 4.00 35.60 ND ND 
17 1450 ND ND 3.70 T 2.50 27.90 ND 15.3 
18 1447 ND ND 3.70 1.60 2.00 12.90 ND ND 
19 1444 ND ND 6.50 10.30 4.00 53.20 ND ND 
20 1439 ND ND 7.50 2.87 1.90 20.60 ND ND 
21 1428 ND ND "5.00 3.10 2.00 21.20 ND ND 
22 1425 ND ND 7.70 1.46 2.30 16.10 ND 8.1 
23 1423 ND ND 9.90 2.15 2.90 20.20 ND ND 
24 1435 ND ND ND 3.03 3.80 23.80 ND ND 
25 1335 ND ND 11. 40 6.38 3.90 46.60 ND ND 
26 1343 ND ND 4.00 2.76 1.50 12.90 ND ND 
27 1338 ND ND 5.80 3.69 3.30 10.40 ND ND 
28 1349 ND ND 18.80 2.28 10.00 10.90 ND ND 
29 1354 ND ND 6.60 0.76 2.00 7.50 ND ND 
30 1410 ND ND 15.60 1. 70 2.50 8.90 ND ND 
31 1404 ND ND 13.40 1. 72 2.10 15.00 ND ND 
32 1243 ND ND 15.30 0.65 1. 80 9.40 ND ND 
33 1330 ND ND 16.40 1.08 2.60 14.00 ND ND 
34 1254 ND ND 5.00 0.36 2.40 8.90 ND ND 
35 1258 ND ND 15.10 0.94 1.90 8.50 ND ND 
36 1308 ND ND 26.10 1.52 3.50 24.40 ND 6.9 
37 1304 ND ND 19.80 1.01 2.30 16.60 ND ND 
38 1315 ND ND 24.80 1.04 2.70 15.90 ND ND 
39 1319 ND ND 16.60 0.63 2.10 2.40 ND ND 
40 1325 ND ND 31. 40 0.33 1.80 15.50 ND ND 
41 1417 ND ND 8.50 1.11 1.00 10.80 ND ND 
42 1055 ND ND ND 0.68 2 .. 90 12.40 ND ND 
43 1059 ND ND 37.60 0.44 2.50 10.10 ND ND 
44 1103 ND ND 4.60 1.40 1.90 3.60 ND ND 
45 1107 ND ND 2.00 16.30 3.10 11. 50 ND ND 
46 1115 ND ND 5.00 0.81 5.00 6.10 ND ND 
47 1120 ND ND 13.20 0.32 4.00 11.00 ND ND 
48 1124 ND ND 26.20 0.62 4.70 14.20 ND ND 
49 1130 ND ND 14.80 0.76 4.40 7.80 ND ND 
50 ND ND ND ND ND ND ND ND ND 
51 1226 ND ND 13.40 0.59 3.00 14.40 ND ND 
52 1233 ND ND 11. 40 0.68 2.20 8.40 ND ND 
53 1237 ND ND 16.90 0.54 3.70 4.50 ND ND 
54 1155 ND ND 9.90 0.66 1.10 4.90 ND ND 
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APPENDIX TABLE 23C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 4/ 2/71 CLOUD COVEl(pet.) 10.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 1642 
RANGE 3.28 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel 
(no) (atd)(mph) (deg) (-C) (-/00) (M) (deg)(em/see) 
1 1110 ND ND .287 20.0 1.43 2.3 ND ND 
2 1121 ND ND .303 20.6 2.57 1.4 ND ND 
3 1145 ND ND .313 20.6 3.58 1.2 ND ND 
4 1202 ND ND .311 21.0 4.90 1.1 ND ND 
5 1217 ND ND .298 21.2 6.26 1.1 ND ND 
6 1236 ND ND .258 21.2 9.55 .9 ND ND 
7 1252 ND ND .191 20.4 18.48 1.4 ND ND 
8 1321 ND ND .186 21.2 19.24 1.1 ND ND 
9 1334 ND ND .151 20.6 21.34 1.3 ND ND 
10 1347 ND ND .108 20.0 23.19 1.7 ND ND 
11 1005 ND ND .100 18.9 22.94 1.5 ND ND 
13 0940 ND ND .071 18.0 25.00 2.0 ND ND 
17 0912 ND ND .048 17.5 25.62 2.0 ND ND 
19 0850 ND ND .053 17.8 26.10 2.0 ND ND 
21 0814 ND ND .029 18.0 28.97 1.9 ND ND 
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APPENDIX TABLE 24C 
ANCLOTE WATER QUALITY PROGaAM 
PHYSICAL 
SUR.VEY DATE 8/23/71 CLOUD COVEIt(pct.) 10.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0553 1212 1811 
RANGE 2.45 2.73 2.56 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel 
(no) (std)(aph) (deg) (-C) (-/00) (M) (des) (cll/aec) 
1 1312 RONE 1.318 27.6 .07 .3 NONE 
1B 1.265 27.9 .43 
2 1325 2.5 190 1.307 27.7 .89 .4 RONE 
2B 1.290 27.8 .44 
3 1338 5.5 230 1.292 28.0 .40 .2 RORE 
3B 1.222 28.0 .43 
4 1347 NONE 1.278 28.0 .32 .3 NONE 
4B 1.291 28.0 .24 
5 1400 4.5 170 1.299 28.0 .12 .3 RORE 
5B 1.287 27.8 .28 
6 1236 NONE 1.294 28.1 .12 .3 RONE 
6B 1.264 28.0 .24 
7 1219 4.5 300 1.196 28.2 .22 .4 24 10.6 
7B 1.197 28.6 .37 
8 1215 12.0 315 1.241 30.0 .89 .3 82 14.8 
8B 1.270 29.2 1.01 
9 1200 8.3 300 1.246 30.1 1.15 .4 78 17.0 
9B 1.275 30.0 1.16 
10 1151 8.1 275 1.179 30.0 1.55 .4 32 16.4 
lOB 1.123 29.8 1.63 
11 113,5 15.5 260 1.164 30.3 3.65 .3 85 16.9 
lIB 1.138 30.0 5.46 
13 1122 13.3 290 .894 31.0 12.55 .4 107 17.8 
13B .775 30.5 13.44 
17 1111 6.0 260 .560 31.6 18.16 .5 114 16.2 
17B .207 31.0 25.71 
19 1100 6.0 200 .447 31.7 20.28 .6 125 19.6 
19B .194 31.1 27.07 
21 1028 4.6 160 .075 31.9 30.18 .8 360 16.6 
21B .098 31.1 29.91 
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APPENDIX TABLE 25C 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SUltVEY DATE 11/12/71 CLOUD COVEIt(pct.) 10.0 
TIDES 
RIGB LOW BIGB LOW RIGB LOW 
TIM! 0159 0824 1417 2024 
ItARGI 1.26 1.17 1.55 
WIRDS WATIR TEMP SAL SICCKI CU •• IRT 
Sta. TIM! Vel Dir COLOR DEPTH Dir Vel 
(no) (std)(_ph) (des) (-C) (-/00) (M) (des) (cll/sec) 
1 1524 ND ND .630 19.6 .30 ND ND ND 
1B .618 19.6 .34 
2 1511 ND ND .666 19.7 .34 1.2B ND ND 
2B .642 19.7 .42 
3 1459 ND ND .668 20.0 .32 1.2 RD ND 
3B .668 20.1 .47 
4 1445 ND ND .702 20.6 .75 1.2 ND ND 
4B .611 22.5 4.43 
5 1428 ND ND .674 21.5 1.74 1.0 ND ND 
5B .664 22.1 2.23 
6 1400 ND ND .638 21.7 2.92 1.0 ND ND 
6B .497 21.9 7.90 
7 1332 ND ND .499 20.7 7.27 1.0 ND ND 
7B .479 20.3 9.96 
8 1320 ND ND .426 21.0 11.43 1.5 ND ND 
8B .428 20.9 11.56 
9 1245 ND ND .362 20.8 13.55 1.5 ND ND 
9B .356 20.7 13.63 
10 1222 ND ND .273 20.6 16.43 2.0 ND ND 
lOB .281 20.6 16.15 
11 1140 ND ND .227 20.5 18.36 2.0 ND ND 
lIB .222 20.5 18.43 
13 1118 ND ND .186 19.9 19.39 2.0 ID ND 
13B .164 19.4 19.61 
15 1107 ND ND .145 19.8 19.85 2.4 ID ND 
15B .125 19.5 20.34 
17 1055 ND ND .116 19.3 20.41 2.8 ND ND 
17B .048 19.7 24.84 
19 1042 ND ND .078 19.1 20.95 2.9! ND aD 
19B .048 19.8 24.00 
21 1025 ND ND .046 18.9 23.96 3.8B ND ND 
21B .028 20.2 29.21 
242 
APPENDIX TABLE 26C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY OATE 41 2/71 CLOUO COVER (p ct. ) 10.0 
TIOES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 1642 
RANGE 3.28 
Sta. TIME WINOS P04 -P N~-N N'1- N S1~-S~ 0.02 O·O·C (no) (std)(mph)(deg) (ppax102) (ppax102) (ppnx102) (ppIIlx 1 0 ) (ppm) (ag/L) 
1 1110 NO NO 6.30 79.56 NO 357.00 4.7 NO 
1B NO ND KD ND 4.6 ND 
2 1121 ND ND 5.10 34.90 ND 274.00 5.6 ND 
2B NO ND ND ND 5.3 ND 
3 1145 ND ND 5.40 6.06 NO 3 05.00 5.8 ND 
3B ND ND ND ND 4.9 ND 
4 1202 ND ND 3.50 0.23 I'D 275.00 6.8 ND 
4B NO I'D ND ND 4.2 ND 
5 1217 ND NO 4.40 0.15 NO 275.30 7.3 ND 
5B NO ND NO ND 4.2 ND 
6 1236 ND ND 2.30 0.21 NO 101.50 7.2 ND 
6B ND ND ND ND 3.6 NO 
7 1252 ND ND 3.00 0.09 NO 23.80 6.7 ND 
7B NO ND ND ND 6.5 ND 
8 1321 ND NO 2.40 0.22 ND 24.34 7.3 NO 
8B ND ND NO NO 7.0 ND 
9 1334 ND ND 6.60 0.62 ND 40.25 7.2 NO 
9B NO NO ND ND 7.1 ND 
10 1347 ND NO 10.40 0.47 NO 27.26 7.7 NO 
lOB NO ND ND I'D 7.7 ND 
11 1005 ND ND 7.10 0.38 ND 26.60 7.0 ND 
11B ND ND NO ND 7.5 NO 
13 0940 NO NO 2.40 0.21 NO 9.20 7.7 NO 
13B NO 1ft) NO ND 7.9 NO 
17 0912 NO ND 1. 98 · 0.06 NO 6.30 7.6 NO 
17B ND ND 1m NO 8.0 NO 
19 0850 NO NO 1.90 0.12 NO 6.05 7.8 NO 
19B NO NO 1m NO 7.8 ND 
21 0814 NO NO 2.40 0.18 NO 0.50 8.4 NO 
21B NO ND NO NO 8.6 ND 
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APPENDIX TABLE 27C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 8/23/71 CLOUD COVER(pct. ) 10.0 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0553 1212 1811 
RANGE 2.45 2.73 2.56 
Sta. TIME WINDS P04 -P N03 -N N'1- N Si<lz-~ D .02 D·O·C 
(no) (std)(mph)(deg) (PJIIl x 1 0 2 ) (PJII' x 1 0 2 ) (pp1lx102) (PJIIIX 1 0 ) (ppm) (mg/L) 
1 1312 NONE 12.90 12.06 ND 428.00 4.5 33.0 
1B 14.90 5.16 ND 440.00 4.5 32.6 
2 1325 2.5 190 13.40 4.83 ND 446.00 4.3 32.8 
2B 14.50 5.43 ND 438.00 4.5 32.4 
3 1338 5.5 230 14.50 5.12 ND 445.00 4.2 35.8 
3B 14.50 4.86 ND 438.00 4.3 32.5 
4 1347 NONE 17.60 4.28 ND 443.00 4.3 33.6 
4B 14.50 6.44 ND 450.00 4.3 34.6 
5 1400 4.5 170 16.10 5.27 ND 448.00 4.3 34.4 
5B 15.30 7.00 ND 444.00 4.2 34.5 
6 1236 NONE 15.90 4.76 ND 451.00 4.2 37.7 
6B 16.30 4.76 ND 449.00 3.8 34.3 
7 1219 4.5 300 17.80 2.53 ND 449.00 3.8 33.8 
7B 15.90 4.48 ND 443.00 3.8 33.4 
8 1215 12.0 315 37.50 4.56 ND 474.00 3.6 33.5 
8B 39.10 4.24 ND 472.00 3.6 34.6 
9 1200 8.3 300 39.00 4.86 ND 470.00 3.5 40.6 
9B 37.10 4.37 ND 470.00 3.5 30.2 
10 1151 8.1 275 42.40 76.39 ND 478.00 3.3 29.8 
lOB 38.80 4.15 ND 469.00 3.3 34.1 
11 1135 15.5 260 40.20 18.00 ND 484.00 3.0 28.5 
lIB 37.90 36.76 ND 474.00 2.1 3 0.2 
13 1122 13.3 290 28.50 51.42 ND 323.00 3.1 25.8 
13B 33.30 226.50 ND 414.00 3.0 18.9 
17 1111 6.0 260 1.39 2.77 ND 182.00 4.6 13.2 
17B T 311.70 ND 93.00 4.7 19.2 
19 1100 6.0 200 34.50 5.88 ND 474.00 5.6 13.6 
19B T 2. 05 ND 41.00 4.8 9.2 
21 1028 4.6 160 T 6.43 ND 40.00 7 .3 15.2 
21B T 4.59 ND 13.00 7 .3 6.5 
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APPENDIX TABLE 28C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 11/12/71 CLOUD COVER(pct.) 
TIDES 
10.0 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0159 0824 1417 2024 
RANGE 1.26 1.17 1.55 
Sta. TIME WINDS P04-P ND:J-N NB.3-N S1~-S1 D.~ D·O·C 
(no) (std)(mph) (deg) (ppnx102) (ppax102) (ppaaxl02) (PIIU:10 2) (ppm) (Ilg/L) 
1 1524 ND ND 30.00 33.62 3.70 743.00 3.9 23.0 
1B 27.30 33.42 4.50 728.00 3.6 38.7 
2 1511 ND ND 14.90 35.15 4.50 714.00 3.8 19.8 
2B 13.80 35.19 3.50 714.00 3.9 26.3 
3 1459 Nn NO 15.20 33.04 8.60 704.00 4.0 18.5 
3B 15.20 32.18 5.50 704.00 4.0 NO 
4 1445 NO NO 14.90 28.12 8.40 678.00 4.3 20.0 
4B 14.60 13.18 8.50 522.00 2.4 25.3 
5 1428 ND ND 16.30 23.04 6.10 627.00 4.0 22.8 
5B 20.80 20.59 6.80 606.00 2.6 15.5 
6 1400 ND NO 22.40 16.03 4.90 553.00 6.4 18.0 
6B 23. 20 5.61 9.40 331.00 4.6 34.1 
7 1332 ND NO 16.00 4.28 2.60 402.00 6.8 24.5 
7B 10.40 2.89 2.60 272.00 4.9 13.1 
8 1320 ND ND 11. 20 0.92 1.90 225.00 6.6 15.8 
8B 28.30 0.76 3.90 234.00 6.4 13.4 
9 1245 NO ND 22.30 3.28 3.7" 189.00 5.8 10.9 
9B 13.60 3.05 3.50 186.00 5.6 10.6 
10 1222 ND ND 21.40 2.96 7.90 138.00 5.4 10.8 
lOB 19.10 3.15 7.50 140.00 5.6 11. 2 
11 1140 ND ND 21.30 1.74 12.80 84.60 6.5 13.0 
lIB 21.00 1.79 11.60 85.60 7.0 9.3 
13 1118 ND ND 19.10 0.60 3.20 52.70 7.7 28.6 
13B 13.80 0.49 1.20 41.90 8.0 7.6 
IS 1107 ND ND 20.30 0.39 1.90 46.50 8.1 8.2 
lSB 7.50 0.56 1.40 32.60 8.2 22.5 
17 1055 ND ND 12.40 0.45 1.20 23.90 8.1 11.0 
17B 6.40 0.49 2.80 8.90 7.2 14.5 
19 1042 ND ND 2.00 0.39 1.30 8.50 8.0 14.0 
19B 2.10 0.64 1.70 10.40 7.8 8.5 
21 1025 NO NO 7.20 0.42 0.90 7.30 8.5 16.1 
21B 3.20 0.45 1.40 8.50 8.2 13.6 
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APPENDIX TABLE 29C 
ANCLOTE WATER OUALITY PROGRAM 
PHYS'ICAL 
SURVEY DATE 4/15/71 CLOUD COVER (pc to ) NO 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 2005 0300 0717 1330 2053 
RANGE 2.55 .64 1.73 3.55 
WINDS WATER TEMP SAL ~1~f~I CURRENT Sta. TIME Vel Oir COLOR Oir Vel (no) (std)(mph) (deg) (OC) (% 0 ) (M) (deg)(cm/sec) 
17 0019 ND ND ND 22.0 23.88 120 27.5 
B 0022 NO ND ND 22.0 ND 
0150 ND ND ND 20.8 24.64 110 53.0 
0410 ND ND ND 21.5 24.32 NONE 
B 0410 ND ND ND 21.8 25.15 
0615 ND ND ND 21.0 24.35 30 17.3 
0810 ND NO NO 21. 2 23.71 2.6 305 ILl 
1016 ND NO NO 22.0 24.00 2.6 90 Hi.S 
R 1016 ND NO NO 22.0 24.35 
1230 NO NO NO 2 2 .R 2S.0R ] • 1 II f,'J 1 R. R 
1420 NO NO NO 2 J. 2 25.17 NO R 17. " 
1830 NO NO NO 22.R 24.5(, 2. ~ 1 q 7 '- ') 
2040 NO NO NO 22.5 23.0R 2 7 ") ., H • R 
2250 NO NO NO 22.5 22.37 NON I~ 
21 0000 NO rm NO 21.2 26.74 20 2 3.5 
0200 ND NO NO 21.0 27.09 NON E 
0340 ND UO NO 21.8 24.72 359 18.6 
0555 ND NO ND 21.0 25.63 35 30.9 
0745 ND ND ND 21.0 26.03 230 14.7 
0945 NO NO ND 21.4 26.87 3.1 350 1.1. 2 
1210 ND NO NO 21.5 27.91 1.8 47 19.5 
1355 ND ND ND 21.5 27.97 2.4 NONE 
1600 ND ND ND 22 . 5 27.97 1.5 34 27.5 
1810 ND ND ND 22.0 27.73 2.0 32 33.5 
2000 ND NO ND 22.5 25.73 225 16.5 
2220 ND ND ND 22.0 25.71 52 22.8 
25 0015 ND rm ND 21.0 25.99 25 27.5 
0215 ND UD ND 21.0 26.63 NONE 
0354 ND ND ND 21.0 26.89 20 16.5 
0600 ND ND ND 21.0 24.80 33 33.5 
0754 ND ND ND 21.3 23.92 2.4 230 14.7 0956 ND ND ND 21.7 25.06 2 .. 4 25 21.0 1215 ND ND ND 22.0 28 .. 31 2.1 53 11. 6 1407 ND ND NO 22.2 2.7.51 3.6 36 13.2 1610 ND NO ND 22.5 27.51 2.6 36 30.8 1818 NO NO ND 22 . 0 25.37 2.6 31 41. 2 2235 ND ND NO 21.9 25.61 50 27.5 
48 2345 ND ND ND 20.5 28.81 20 23.5 0545 ND ND ND 20.0 29.54 NONE 1200 NO ND NO 21.0 31.06 1.7 165 30.0 1800 ND NO ND 22.0 28.43 1.7 58 27.5 
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APPENDIX TABLE 30e 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 4/15/71 CLOUD COVER(pct.) ND 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 2005 0300 0717 1330 2053 
RANGE 2.55 .64 1.73 3.55 
Stat TIME WINDS P04 -p N03 -N N'1- N S 102 - s~ D '02 D·O·e 
(no) (std)(mph)(deg) (ppmxl02) (ppax102) (ppmx102) (ppnx10 ) (ppm) (mg /L) 
17 0019 ND ND 3.50 0.22 ND 8.20 ND ND 
B 0022 2.00 0.30 ND 9.10 ND ND 
0150 ND ND ND 0.19 ND 6.30 ND NO 
0410 NO ND ND 0.13 ND 4.20 ND ND 
B 0410 1. 50 1. 70 ND 7.00 ND ND 
0615 ND ND 4.60 0.4 () ND 10.90 ND NO 
0810 ND ND 1. 20 0.32 ND 9.50 7 .4 ND 
B 0810 ND ND ND ND 7 .2 ND 
1016 NO ND 1.00 0.32 ND 9.00 8.2 ND 
B 1016 3.20 0.18 ND 7.20 7 .6 ND 
1230 ND ND 1.80 0.55 ND 6.30 8. J ND 
B 1230 NO NO ND Nt) A • q NO 
1420 ND ND 1. 20 0.15 Nt) I • • 3 n NO NO 
1820 NO NO NO 0.21 NO In.40 NO Nil 
2040 NO ND 1. 00 0.30 ND 9.30 ND NO 
2250 ND ND 0.50 0.09 ND 5. 90 ND NO 
21 0000 ND ND ND 0.08 ND 2.00 ND ND 
0200 ND ND ND 0.16 ND 2.00 ND NO 
0340 ND ND 1. 70 0.26 ND 5.40 ND ND 
0555 ND ND ND 0.21 ND 6.60 ND . ND 
0745 ND ND ND 0.25 ND 5.10 8.6 ND 
B 0745 ND ND ND ND 9.2 ND 
0945 ND ND 1.20 0.26 ND 6.50 9.4 ND 
B 0945 ND ND ND ND 9.7 ND 
1210 ND ND ND 0.54 ND 3.70 8.6 ND 
B 1210 ND ND ND ND 9.2 ND 
1355 ND ND ND 0.15 ND 6.30 8.4 ND 
B 1355 ND ND ND ND 9.1 ND 
1600 ND ND ND 0.23 ND 4.60 ND NO 
1810 ND ND ND 0.12 ND 3.70 ND ND 
2000 ND ND ND 0.10 ND 2.80 ND ND 
2220 ND ND 3.60 0.34 ND 16.50 ND ND 
25 0015 ND ND 2.70 0.23 ND 5.10 ND ND 
0215 ND ND ND 0.69 ND 4.80 ND ND 
0354 ND ND ND 0.31 ND 4.40 ND NO 
0600 NO ND ND 1.04 ND 5.10 ND ND 
0754 ND ND ND 0.18 ND 6.10 9.4 ND 
B 0754 ND ND ND ND 8.8 ND 
0956 ND ND ND 0.57 ND 4.80 9.6 ND 
B 0956 ND ND ND ND 9.0 ND 
1215 ND ND 1. 20 0.35 ND 5.70 8.9 ND 
B 1215 ND ND ND ND 8.8 NO 
1407 ND ND ND 0.30 ND 5.20 7.5 ND 
B 1407 ND ND ND ND 8.1 ND 
1610 NO ND 4.00 .92 ND 7.10 ND ND 
1818 ND NO T 0.04 ND 3.00 ND ND 
2235 NO ND ND 0.28 ND 5.50 NO NO 
4A 2345 NO NO NO 1.15 ND 12.50 NO NO 
0545 ND NO ND 0.40 ND 6.50 ND ND 
1200 NO NO 2.20 0.24 NO 3.00 NO NO 
1AOO NO tiD ND 0.25 NO 6.10 NO ND 
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APPENDIX TABLE 3IC 
ANCLOTE WATER QUALITY PROGRAM 
PHYSICAL 
SURVEY DATE 81 6/71 CLOUD COVER(pct.) ND 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0018 0511 1116 1805 
RANGE 1.27 2.18 4.18 
WINDS WATER TEMP SAL SECCHI CURRENT 
Sta. TIME Vel Dir COLOR DEPTH Dir Vel 
(no) (std)(mph) (deg) (0 C) Cloo) (M) (deg)(cm/sec) 
21 0805 6.0 330 ND 28.9 32.25 ND 360 16.5 
0900 7.0 360 ND 29.2 32.29 ND NONE 
0945 5.0 10 ND 29.1 32.24 ND 225 11.5 
1030 4.0 25 ND 29.6 32.04 ND 190 22.0 
1120 4.0 330 ND 29.9 32.04 ND 205 33.5 
1210 5.0 300 ND 29.6 32.25 ND 170 32.0 
1345 6.0 320 ND 29.8 32.19 ND 205 26.5 
1445 5.0 290 ND 29.6 32.23 ND 225 17.5 
1550 4.5 270 ND 29.9 30.54 ND 210 28.0 
1640 6.5 290 ND 30.1 29.04 ND 270 22.0 
1735 5.0 270 ND 30.1 27.89 ND 90 9.0 
1825 5.0 270 ND 29.8 31. 32 ND 10 27.0 
19 0755 5.0 340 ND 28.6 31. 36 ND 120 25.0 
0855 6.0 330 ND 28.8 31. 50 ND 315 17.0 
0940 5.0 350 ND 28.9 31.40 ND 150 5.5 
1115 _4.0 . 300 ND 29.6 31. 59 ND NONE 
1205 6.0 215 ND 30.0 30.85 ND 280 29.0 
1434 6.0 330 ND 30.0 27.94 t-lD 260 33.5 
1540 5.0 290 ND 30.3 26.56 .. 290 10.0 
1630 6.0 265 ND 30.4 24.98 ND 270 32.0 
1730 4.5 280 ND 30.5 23.85 ND 280 32.0 
1820 5.0 270 ND 30.4 22.80 ND NONE 
17 0740 4.0 290 ND 28.6 29.35 ND 120 24.0 
0850 6.0 330 ND 28.8 30.30 ND 160 20.5 
0935 5.0 350 ND 29.0 30.84 ND 140 14.5 
11(\5 II. n 300 ND 30.0 29.66 ND NONE 
1200 5.0 300 ND 30.5 29.62 ND 300 27.0 
1417 6.0 300 ND 30.1 26.92 ND 300 33.0 
1535 5.0 290 ND 30.5 25.18 ND 325 32.0 
1725 3.0 315 ND 30.1 22.76 ND 330 32.0 
1815 4.0 280 ND 30.5 21.62 ND 340 17.0 
251 0818 5.0 325 ND 28.6 31. 20 ND NONE 
0917 6.0 340 ND 29.0 31.70 ND 270 9.0 
1808 3.5 330 ND 29.5 32.50 ND NONE 
25 0805 7.0 340 ND 28.6 32.10 ND 70 18.0 
0909 5.0 320 ND 28.9 32.90 ND NONE 
1756 5.0 340 ND 29.5 33.30 ND 40 31.0 
1832 4.0 290 ND 29.6 32.60 ND 50 34.0 
1923 4.5 320 ND 29.7 33.20 ND 40 26.0 
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APPENDIX TABLE 32C 
ANCLOTE WATER QUALITY PROGRAM 
CHEMICAL 
SURVEY DATE 8/ 6/71 CLOUD COVER(pct.) ND 
TIDES 
HIGH LOW HIGH LOW HIGH LOW 
TIME 0018 0511 1116 1805 
RANGE 1. 27 2.18 4.18 
Sta. TIME WINDS P04 -P N~-N N~-N Si~ -s} D .02 D·O·C 
(no) (std)(mph)(deg) (ppm x 10 2) (ppm x 1 0 2) (ppmx102) (ppnx10 ) (ppm) (m g /L) 
21 0805 6.0 330 3.20 0.63 ND 14.50 NO ND 
0900 7.0 360 2.10 0.59 ND 14.30 ND ND 
0945 5.0 10 2.50 0.76 ND 23.80 ND ND 
1030 4.0 25 2.30 0.85 ND 19.00 ND ND 
1120 4.0 330 2.10 0.64 ND 23.50 ND ND 
1210 5.0 300 2.40 0.40 ND 20.70 ND ND 
1345 6.0 320 7.60 ND ND 22.00 ND ND 
1445 5.0 290 2.30 0.66 ND 10.90 ND ND 
1550 4.5 270 1. 60 0.61 ND 33.10 ND ND 
1640 6.5 290 2.50 0.59 ND 46.00 ND NO 
1735 S.O 270 2.40 0.60 ND 47.80 ND ND 
1825 5.0 270 2.20 0.49 ND 38 . 60 ND ND 
19 0755 5.0 340 2.10 0.66 ND 35.00 ND ND 
0855 6.0 330 2.50 0.60 ND 38.90 ND ND 
0940 5.0 350 2.00 0.88 ND 30.30 ND ND 
1115 4.0 300 1.80 0.70 ND 29.20 ND ND 
1205 6.0 215 3.50 0.38 ND 34.40 ND ND 
1434 6.0 330 2.10 0.59 ND 43.70 ND ND 
1540 5.0 290 2.40 0.68 ND 73.90 ND ND 
1630 6.0 265 2.80 0.71 ND 98.80 ND ND 
1730 4.5 280 4.40 1. 25 ND 134.00 ND ND 
1820 5.0 270 6.70 1. 01 ND 157.60 ND ND 
17 0740 4.0 290 3.20 0.80 ND 64.50 ND ND 
0850 6.0 330 2.80 0.69 ND 37.30 ND ND 
0935 5.0 350 1. 80 0.79 ND 34.40 ND ND 
1105 4.0 300 1.90 1.66 ND 35.90 ND ND 
1200 5.0 300 2.40 0.78 ND 39.20 ND ND 
1420 6.0 300 2.90 0.91 ND 57.60 ND ND 
1535 5.0 290 2.80 0.73 ND 83.10 ND ND 
1725 3.0 315 6.50 1.35 ND 157.60 ND NO 
1815 4.0 280 10.50 1. 57 ND 190.20 ND ND 
261 0818 5.0 325 2.50 0.61 ND 89.20 ND ND 
0917 6.0 340 2. 80 0.58 ND 62.40 ND ND 
1808 3.5 330 1. 80 0.71 ND 65.30 ND ND 
25 0805 7.0 340 1.80 0.58 ND 33.70 ND ND 
0909 5.0 320 1.90 0.77 ND 20.40 ND NO 
1756 5.0 340 2.00 0.71 ND 13.50 ND ND 
1832 4.0 290 2.40 0.67 ND 52.20 ND ND 
1923 4.5 320 2.00 0.89 ND 61.20 ND ND 
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Stall 
11 
12 
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14 
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17 
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31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
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44 
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53 
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55 
River x 
Anchorage x 
Gulf x 
West of Key 
APPENDI X TABLE 33C ANCLOTE WATER QUALITY PLANKTON PROGRAJI 
Ch1orophy11- a + phaeopigments (mg /m3) and % ch1orophy11-a for monthly s urveys 
Janua ry 23 , 1971 
mg/m3 
T 
T 
T 
ND 
T 
ND 
T 
T 
3.7 4 
T 
T 
T 
T 
ND 
T 
T 
T 
T 
T 
T 
ND 
T 
T 
T 
T 
ND 
ND 
T 
T 
ND 
T 
ND 
T 
T 
T 
T 
ND 
T 
T 
T 
ND 
T 
NO 
ND 
T 
2.51 
2 . 36 
2.36 
%ch1. a 
ND 
ND 
ND 
ND 
NO 
NO 
ND 
ND 
100.0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
D 
ND 
ND 
ND 
ND 
ND 
Februa r y 27 , 1971 
mg/m3 
15.2 
20.9 
6.4 
ND 
5.9 
ND 
5.9 
5. 4 
10.1 
6 .0 
10 : 5 
5.6 
T 
ND 
5 . 6 
6 . 9 
6 . 4 
T 
8.6 
7.9 
ND 
T 
8.6 
9 .0 
9.0 
ND 
ND 
6.4 
4.9 
ND 
T 
ND 
12.7 
10.5 
8 . 2 
7. 5 
ND 
4. 5 
6 .0 
9.4 
ND 
4 .9 
ND 
ND 
T 
9.59 
6 . 90 
5.75 
%ch1. a 
88 . 0 
100 . 0 
79 . 0 
ND 
74 .0 
ND 
74.0 
59 . 0 
94 .0 
84 . 0 
72 .0 
79 . 0 
ND 
ND 
48 . 0 
100 . 0 
100 . 0 
ND 
62.1 
54 . 4 
ND 
ND 
49 . 7 
53 . 6 
95 . 2 
ND 
ND 
100 . 0 
87.9 
ND 
NO 
ND 
58.9 
20.4 
38.9 
42.8 
ND 
83 . 3 
89 . 3 
51. " 
ND 
87.9 
ND 
ND 
ND 
Mar ch 25 , 1971 
mg/m3 
13 . 08 
11. 21 
10.84 
ND 
8 . 22 
ND 
7.85 
4.11 
5.34 
5 . 61 
7.85 
11. 75 
16.02 
ND 
5.23 
ND 
6.46 
T 
T 
T 
ND 
T 
T 
T 
T 
ND 
ND 
T 
T 
ND 
6 . 36 
ND 
5. 98 
7.85 
5 . 23 
5 . 98 
ND 
T 
T 
T 
ND 
T 
ND 
ND 
T 
8.28 
4 .6 4 
2 . 88 
%ch1. a 
81. 6 
85 . 7 
78 . 8 
ND 
77 . 9 
ND 
74 . 8 
90 . 9 
100 . 0 
66 . 7 
81. 6 
100 . 0 
100 . 0 
ND 
40 . 8 
ND 
49 . 0 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
92.4 
ND 
53. 6 
54 . 4 
81.6 
80 . 4 
250 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
April 17, 1971 
mg/1ll3 
21. 31 
14.20 
11. 59 
ND 
ND 
ND 
T 
T 
T 
T 
T 
T 
T 
NO 
T 
ND 
T 
T 
T 
T 
ND 
T 
T 
T 
T 
ND 
ND 
T 
T 
ND 
T 
ND 
T 
T 
T 
T 
ND 
T 
T 
T 
ND 
T 
ND 
ND 
T 
8 .08 
2.36 
2 . 36 
%ch1 . a 
87 . 6 
82 . 8 
87.7 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
Nay 17 , 1971 
mg/m3 
ND 
25 . 36 
30.04 
ND 
22. 78 
ND 
25.99 
20.29 
17 . 75 
6 . 61 
T 
T 
6 . 87 
ND 
5 . 18 
ND 
T 
T 
T 
7 . 61 
ND 
6 . 29 
T 
T 
T 
ND 
ND 
T 
T 
ND 
5 . 28 
ND 
8 . 15 
8 . 95 
7 . 36 
12.05 
ND 
10 . 00 
ND 
6 .50 
ND 
T 
ND 
ND 
T 
(21.26) 
4 . 41 
3 . 74 
%ch1. a 
ND 
100.0 
68.0 
ND 
83 . 0 
ND 
100.0 
100.0 
100.0 
95.0 
ND 
ND 
83 .i1 
ND 
86 .0 
ND 
ND 
ND 
ND 
100.0 
ND 
70.0 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
95 . 0 
ND 
55 . 0 
28 .0 
25 . 0 
100 . 0 
ND 
44 . 0 
ND 
88 .0 
ND 
ND 
ND 
ND 
ND 
June 25, 1971 
mg/m 3 
12.74 
12.11 
11 . 26 
ND 
7. 82 
ND 
7 . 14 
4 . 61 
7 . 04 
12.05 
4 . 82 
6.45 
6 .05 
ND 
5.50 
ND 
ND 
ND 
ND 
5 . 39 
ND 
4 . 25 
ND 
ND 
T 
ND 
ND 
ND 
T 
ND 
ND 
ND 
ND 
10 . 78 
ND 
ND 
ND 
ND 
ND 
7 . 72 
ND 
ND 
ND 
ND 
T 
9.35 
5 . 33 
7 . 72 
%ch1. a 
94 . 6 
68.1 
67.5 
ND 
89.2 
ND 
71.0 
60.5 
63.1 
100 . 0 
100.0 
62.9 
71. 3 
ND 
83 . 1 
ND 
ND 
ND 
ND 
66.0 
ND 
77.6 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
100 .0 
ND 
ND 
ND 
ND 
ND 
82 . 0 
ND 
ND 
ND 
ND 
ND 
APPENDIX TABLE 33C continued 
July 24, 1971 August 20, 1971 Septemb er 23 , 197 1 October 28,1971 November 23,1971 
Stall mg/m 
3 3 3 3 3 %ch1. a mg/m %ch1. a mg/m %ch1. a mg/m %ch1. a mg /m %ch1. a 
11 ND ND 25. 12 78.0 2.00 71.0 13.03 86 .0 12 .03 94.0 
12 13.17 60 . 0 334.96 65.0 2 .58 61. 5 12 .50 84 .0 9.77 98.0 
13 9.29 61. 0 39.81 81.0 9.04 77.3 14.30 83. 0 7. 64 96.0 
14 ND ND ND ND 11. 30 84 . 2 13 .73 90.0 8.15 93.0 
15 12.11 68.0 ND ND 10.88 74.3 15.27 90.0 4. 36 91.0 
16 ND ND ND ND 11.01 80.6 8.78 88 .0 6.63 89.0 
17 ND ND 28.49 58.0 12 .38 70.5 6.75 66 .0 3.78 86.0 
18 9.55 53.0 27.23 78.0 13.99 68 .0 8.20 83.0 1. 59 77 .0 
19 8.89 50.0 27.35 64.0 13.37 72.3 4 .70 79.0 ND ND 
20 ND ND 30.74 57.7 20. 32 78.0 6.45 71.0 1. 29 75.0 
2) 9.89 61. 0 25.07 68 .3 27 .90 80.7 2 .9 7 96.0 4 .08 78.0 
22 9.89 61. 0 14 . 68 38.9 27.76 79.9 ND ND 2 .26 82 .0 
23 11.11 60.0 22 . 60 49.1 21. 17 72.6 2 . 66 80.0 2.01 79.0 
24 ND ND ND ND 28.44 80 . 8 4.01 78 . 0 2.44 83.0 
25 4.77 40 .D 15 .9 8 57.5 20.56 54 .0 4.61 69.0 1. 86 85.0 
26 10.56 63.0 18.89 58.7 21. 75 35.0 4 . 21 82.5 0.72 86.0 
27 9.5 2 63.0 12.39 43.5 16.76 59 . 6 4 . 42 76.0 1. 33 66.0 
28 10.7 4 62.0 7.70 65.9 19 . 63 42 . 0 3 .17 100 . 0 1. 81 54.0 
29 ND ND 14.64 45.5 14.97 58 . 2 2 . 84 78.0 1. 84 47 .0 
30 3.86 82.0 11. 51 49.6 16.97 83.1 ND ND ND ND 
31 ND ND ND ND 11. 08 42.9 ND ND 1.53 35.0 
32 12.99 61. 0 10.82 55. 7 11.33 75.5 1. 44 99.0 1. 47 54 .0 
33 8 .68 36.0 14.86 76.8 10.98 79.4 'D ND 2 . 27 70.0 
34 10.61 45.0 11. 21 84.9 14 .78 81. 5 ND ND 0.98 63.0 
35 11. 35 61.0 11. 51 68.9 19.82 96 . 0 2.58 69.0 T ND 
36 ND ND ND ND 7.77 100 . 0 D ND T ND 
37 ND ND ND ND 16.12 72 . 8 ND "D 0.71 75 .0 
38 6.19 61.0 13.78 38 . 6 17 . 73 76.9 ND ND T ND 
39 8.31 65 .0 12.70 57.4 25.36 100.0 3. 24 68.0 T ND 
40 ND ND ND ND 14 . 91 71. 2 ND ND 1. 04 68 .0 
41 9.56 30.0 22 . 66 40.6 18.23 51. 3 ND ND 1. 54 57.0 
42 ND ND ND ND 10.56 52. 6 ND ' D 3.35 84.0 
43 5.07 100.0 26 .11 59.5 8.16 48 .5 ND ND 5.13 70 .0 
44 13.18 100.0 ND ND 5 . 80 92.9 ND ND 3.63 90.0 
45 14.27 100.0 13.39 52.1 7.95 75.8 ND ND 2. 24 90.0 
46 6.30 35.0 16.26 60.4 12.86 77.6 ND ND 2.97 92.0 
47 ND ND ND ND 20 . 45 100.0 ND ND 2.09 84.0 
48 ND ND 22 .05 40 . 3 6 . 70 78.0 ND ND ND ND 
49 15.17 65. 0 15.17 35.5 4 . 63 71. 9 ND ND 1. 64 91.0 
50 5. 82 65.0 13.71 48 . 6 3.66 69.3 3.00 63 .0 2.81 85. 0 
51 ND ND ND ND 3.29 77 . 1 ND ND 3.20 99.0 
52 6 .09 52.0 12.41 53.6 7. 28 89.3 ND ND 2.86 93.0 
53 ND ND ND ND ND ND ND ND 3.73 87 .0 
54 ND ND ND ...... ND ND ND ND ND 1. 53 98.0 
55 10.44 79.0 15.11 48.2 ND ND ND ND ND ND 
River x 10. 60 (30.24) 10.77 10.77 6.14 
Anchorage x 9.48 15.59 16.66 3 . 29 1. 82 
Gulf x 7.10 15.78 8.41 3.00 2.60 
West of Key 
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Tidal Variations 
Three surveys were conducted in order to estimate variability 
in nutrient concentrations at a given sampling location over 
a tidal cycle (Appendix Tables 29C-32C). The results for one 
station sampled in March (Station 17 located a short distance 
inside the river mouth) are presented in Figure 25C. In the 
11 hours of the survey sa l"i nity '('anged from 22.4% to 25.2%, 
phosphate from 0.005 to 0.046 ppm, nitrate from 0.0009 to 
0.0055 ppm, and silicate from 0.042 to 0.109 ppm. These data 
indicate that at the particular sampling point nutrients can 
vary in concentration up to nearly an order of magnitude over 
a tidal cycle. To minimize local tidal effects, seasonal 
results presented in this report are based on averages for a 
number of stations in each area. 
Figure 25C 
Legend along left side of figure should be (ppm x 102) instead 
of (ppm). 
Page 91 , Line 4 - for "extended" read "extending". 
Page 94, Line 1 - Add comma after "Anchorage". 
Page 113, Line 5 - Change "surpulid" to IIserpulid li • 
Page 118, Line 19 - Change "present to IIpresented". 
Page 160, Line 7 - Change Bossi to Bassi 
Change Prista to Pista 
Page 169, Line 25, Column 1 - Delete Nereis eh~lla earetti 
Line 31 , Column 2 - Change Kirkgarrd to Kirkegarrd 
Page 170, Line 28, Column 1 - Change Morch to M6rch 
Page 171 , Line 25, Co1unm 1 - Change C. B. Adams to (C. B. Adams) 
Line 28, Col unm 1 - Change st. to sp. 
Page 172, Line 7, Column 2 - Change Lepidopleura to Chitonida 
Column 2 - Insert Fi1ibranchia between Line 20 and Li ne 21 
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Page 173, Line 17, Column 1 - Change Linne to (Linne) 
Line 23, Column 2 - Change joubinia to joubini 
Page 2 
Page 174, Line 27, Column 1 - Change Heterochaelis to heterochaelis 
Line 3, Column 2 - Change Upogeb is to Upogebia 
